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1.0 INTRODUCTION

This report has been prepared by Trident Engineering Associates,
Inc., of Annapolis, Maryland, for the Energy and Coastal Zone
Administration of the Department éf Natural Resources (DNR) of
thé State of Maryiand, Contract No. C15-79—440. This is a pre-
liminary report for Coastal Resources Advisory Comﬁittee {CRAC)
and DNR review to éelect two of,threé dlternative strategies
for further study by Trident, - The Draft Final Report will
contain this material plus additional studies and recommenda-
tions for.a State plan of interim restoration and maintenance
actioné to be implemented prior to the long-range plans of the

Corps of Engineers.

1.1 CORPS OF ENGINEERS ON-GOING STUDY

The principal on-going study of the erosion probleﬁ is the
_cooperative beach erosion control-study of the Ocean City
shoreffont now underway by the U. S. Army Corps of Erigineers,
" Baltimore District (see Appendix A forithe Corps of Engineers'
plans for Ocean City beach protection.) It is estimated-that
5- 10 years will elapse before the Corps‘lstudy will be com-
pleted and fundé provided'to undertake ahy remedial measure

recommended.



2.0  SEDIMENT MOVEMENTS AND HISTORICAL CHANGES

2.1  SEDIMENT MOVEMENTS AND QUANTITIES

2.1.1  The Sediments

For the purpose of this report, sediments are considered to
be the sand éize particléﬁ in the shore environment. These
sedimeﬁts range from about 0.01 mm ﬁp to severai millimeters
in size. There are finer sedimeﬁts present, particularly

in the bays behind Fenwick. and Assateague Islands, but these
finer sediﬁents play an ihsignificant role in stabilizing

the shore face. The median grain size of the sand composing

the beaches in the Ocean City area is about 0.4 to 0.5 mm,

2.1.2 ‘Sediment Movements

Sand is moved along the shore face by the waves and currents
in the beach zone. The primary force moviﬁg the sediments is
the wind—generated ocean waves which-strike the shore face.
- Two distinct sand movements result from the wave action, as

described below.

2.1.3 Alongshore Movement

Most of‘thelwaves striking the beach face arrive at an angle

to the shore. These waves generate a slow-moving current

-
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along the shore and also stir up the sand from the bottom.

Tﬁe sand stirred from the bo%tom and temporarily placed in
suspension by the waves is then moved along the.shore with

the alongshoré currents generated by these same waves. This-
resulf is a mass movement of sand along the shdre face. This
éand movement is referred to as the‘"alongshore drift",'or

. the "littoral drift". A reversdi in the wave direction.with
reference to the shore will result in a reversal of the direc-
tion of the alongshore sand drift. The quantity of this alphg-
shore drift varies greatly around the United States ‘shores,
being'lessgthan 100,000 cu. yds. per year on much of the Great -
Lakes shores and well over 1,000,000 cu. yds. per yeaf on

much of the Pacific Coast.

'2.1.4 On-shore/Off-Shore Movement

Waves can be thought of'as short waves or long waves. Short
waves are those generated by winds of a local storm. A local
obsefver can both seé the wave and feel the winds generating
.the waves. These short waves (or iocal storm waves) tend

to pull the sand off of the upper sections of the beach and
carry it seaward where it is deposited in off-shore bars.
Conversely, waves from‘distant storms reach the shore as long -
waves (or swells). These long waves tend to remoVe the

'



material from the off—shore'bars-and bring it back to the
beach face to create a wider beach berm. Most of our
ocean beaches go through intermittent cycles of erosion and
accretion ih consonance with the succession of storm and
non—storm'occurrences‘on the shore. A winter storm will
usually erode our Atlantlc Coast beaches while the quleter
perlods between storms will usually w1tness some recovery

of the beach width.

From the abovevdescription, it isfseen that the:sand on the
beach face is constantly in motion, both in the form of along-
shore drift and off-shore/on-shore movement. Mathematieal

~ equations are available relating the rete.of alongshore drift
te wave height and, to a ;esser extent, for estimating the
rate of erosion of the shore face during the storms. These
mathematical relations are, however, not yet perfected,-and
the more reliaEle estrmates ere based on field observations

in the localiéy or on hydraulic model test results, provided

' the tests are made at a sufficiéntly large modellscale.

¢

2.2 SEDIMENT MOVEMENT PATTERNS

The wave action in the North Atlantic area is predominately

out of the northeast gquadrant. Thus, the exception would be

’



that the beach sandlalohg the Atlanticbshoré wéuld be moved

- from north to south.’ This is true in most sectioﬁé of the
Atlantic shore; howéver, locai shoals and tidal curren&s
associated with the mouths of large estuaries can reverse
this pattern in some areas. ?Thus, the Delaware ebast from
Cape Henlopen south to about South Bethany Beach shows a dom;
inant littoral drift to the north due to the tidal currents
and shoals at the m§uth of Delaware Bay. A similar situation
is fqundfat Virginia Beach, Virginia, where the shoals and
tidal‘currents at the mouth of the Chesapeake Bay cause a
northerly drift. However; along the present .study area from
the Maryland—Delawére border to the MérYland—Virginia border
and beyond, the dominant direction of littoral drift is to

the south.

~ From the ébove description, i£ is seen that the beach face
between Delaware Bay and Ocean City inlet is losing saﬁd in
both directions: nofth to Cape Henlopen and south to Ocean
‘City Inlét. With no sand source acting to replacé these losses,
the shore face can be expected to erode as a continuing action.
The loss South toward Ocean City Inlet is estimated from field
measurements of sand accumulations behind the north jétty

and in tﬁe shoal areas-associated with the Inlet to be in the

order of 150,000.td 200,000 cu. yd. per year. A figure of



about 150,000 cu. yd. per vear seems to be the most accéptable
figure and can be used with some confidence as the measurements
of the -sand accumulation behind the north jetty at Ocean City

are fairly accurate.

Some additional losses occur from wind‘blowing the sand westerly
off of the beach face (known as "deflation”) and from éandr
transported seaward to such depfhs during very violent storms
that it is more or less perma@ently losf from the shore face.
Thus, we find that the beach area_from;about South Bethany ‘
southerly to Ocean City Inlet is losing material in three

ways:

° South to the Inlet and beyond;
° West by wind deflation, and
.° East to deep water by storm waves.

%he loss to the south has been evaluated féirly accurately and.
s conéidered to be the most signifiéant loss. The loss to
the wesf by wind action is smgll. The loss to deeper water
(seaward of the - 30 foot contour) byvstofm waves may be of
some significance.

It should be recognized that at times waves from the southeast

quadrant moVe the -sand northward alongvthe shoré. However,



the wave energy from the northeast quadrant is significantly
greater than that from the southeast, resulting in a net drift
of beach sand to the south. The gross rates are believed to
be about 450,000 cu; yd. per year northerly against 600,000
cu. yd; per year soﬁtherly; giving a net drift of 150,000‘

- cu. yd. per year té the south.

2.3 HISTORICAL RECORDS

As pbinted-out above,. the beach face betweeﬁ South Bethany

and Ocean‘City Inlet is supplying about 150,000 cu. yd. per

year of-material to the Inlet area and the shores of‘Assateégue'
Island. Before the opening of bcean City Inlet in 1933; this
150,000 cu. Yd. per year moved directly onto Assateague Island

- and helped to sus£aiﬁ that Island from erosion: Since 1933,
however, most of this 150,000 cu. yd. per year.has been.deposited

in the shoals inside and outside of the throat of the Inlet.

This 150,000 cu. yd. per yéér movement to the south has; no
doubt, been in effect since historical times andvprObably for
many centuries before. Thus a more or less continﬁous retreat
of the shore face could be expected. That this‘is the caée is

shown by the hiStorical records of the position of the shoreline
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ovef the past century. The oide;t reliable survey was made in
1849 by the U. S. Coast and Geodedic Survey (the C.&G.S.)
and depicts the location of the hiéh water shoréline and cer-
tain off-shore contours. Sevéral later surveys are also.avail-
able, notably the'C.&IE,S.'of 1929, four years before the

" opening of Oéean City Inlet. This 1929 survey serves well
as a base for determining the_effects of the Inlet and the
Inlét jetties on the adjacent shorelineé. The C.& G.S. surveys
of 1947 and 1965 enable the progréssive changes'in the shore

area o be determined.

In addition to tﬁe(:.&G.Q. surveys; fhere are a numbér of
aerial photographs and:several sets 6f beach cross-sections
(profiles across the shofe face) which have been taken.

. These records are also very useful in delineating the changes

!

in the shore zone.

2.3.1 cChanges in the Shoreline

The successive locations of the high water shoreline (the
mean high water shoreline) provide a very good index of the
magnitude and type of changes (erosion or accretion) taking -

place along the shore. The mean high water glevation

is 3.5 feet above mean low water datum plane at Ocean



Cify. The changes in the Oceén_City shore face ha&e been .
examined by_comparing the €C.&G.8. surveys of 1850; 1929, ”
and 1965.. The profile comparisoh‘plofs made by the Baltimore
District of the Corps of Engineers were used in making thése

" numerical comparisons.The results of this examination are
given in Table 1. For the purposelof.the analy;is, the table
has been subdivided into nine one-mile sections, with ééctionil
being the final mile north of the inlet; and section 9,.the mile -
adjacent to the Maryland-Delaware line. Section 1 is so com-
pletely dominated by the impounding effect of the north jetty

that its changes haVe been listed separately in Table 1 and

not included in the average of the other eight sections;

Changes 1850-1965

These changgs are indicated by the‘shoréward movement of the
mean high wate;,(MHW) lines. Sections 2 through 9 retreated
,ah,average of 246 feet toward the shore during this ll5-year
period with the average retreat being 2.1 feet per year. The
‘mile section showing'thévmaximum retreat was Section 3 (about’
25th Street to 37th Street) which fetreatea 430 feet during
fhe 115 years for an average retreat of 3.7 feet per year.

" The mile éection showing the minimum retreat was Section 7
which retreated a net of 75‘feeé during the 115 years, for

an average of O.7Ifeet per year. This section is in the area

of 114th Sreet to 127th Street.
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Changes 1925-1965

These changes are more ‘indicative 0f present tendencies as
this 36—yéar period begins only four years before the open-
ing of the inlet. Comparisonsvof'these two surveys have been

made in two ways:

° By jthe comparisons of the shifts in the MHW, the

-10 foot, and the -20 foot contours, and

By the guantitative changes in the amount of sand
between the MHW, the -10 foot, and the -20 foot

contours.

'As might be expected, these comparions show a great advance
seaward of the contours in section 1, as well as a large
accumulation of sand. These effects are, of course, due to

the north jetty being built in the 1930's.

Ccontour Shifts 1929-1965!

The survey comparisons (see Table 1) show the following con-
tour shifts for the seven miles of sections 3 through 9. all

figures represent a landward shift of the contours.

-11-.



Over the Average

36-Year Period per Year
MHW contour | 86 feet 2.4 feet
-10 foot contour - 252 feet 7.0 feet

-20 foot contour 350 feet . 9.7 feet

The‘figures in'the aboVe‘tabulation show that the entire shore
face of sections 2 through 9 is sﬁifting shoreward. At the
mean high Wafer line (MHW) ; this shift aﬁéraged about 2.4 feet
per year for the 36-year period. The comparablé figﬁré for

the 115—yea; period (l850~1965) is 2.0 feet per vear, indicat-:.
ing that the MHW contour has moved shoreward:at a fairly uni-
form rate over the pést 115 years. Due to the north jetty,
section 1 has, of course, shown a seaward movement of the

contours during this period as has section 2 to a lesser extent.

‘The shoreward movement of the -10 foot ahd -20 foot contours
S . ‘ /

over the past 36 years have been much gteater than that of ,
the MHW contour. This, of course, means that deeper water

is moving close to the shore and that the shore face is steep-
ening befween the -20 foot and MHW contours. This deepening,
in turn,lpermits,higher waves to mové bloser inshore and
thereby subject the beach afea around the MHW contour to
attack.by,higher waves.' These higher-wéves could, of coursé,

be expected to tend to increase the rate of erosion of the

shore face..

-12-



~Quantity Changes 1929-1965

The effect of the shoreward shifts of the MHw; -10 foot, and
-20 foot contours on the quantity of sand in‘the near—-shore

zone is also of interest. Table 1 shows that the following

quantites of sand have been lost from the_eighf'mile8~of

‘sections 2 through 9 as follows:

: 1929-1965 Average
Sections 2 through 9 Time Period __per Year

. Between MHW and -10 foot contour 3,894,000 yd® 108,200 yd3
Between -10 ft and ~-20 ft contour 4,378,000 yd® 121,600 yd3
Between MHW and -20 foot contour 8,272,000 yd® 229,800 yd3.

Note: The aboVve computations were made with the 1965 positions
of the contours as the basis of the measurements.

The one mile of section 1 was accreting during this period)

accretion between the MHW.and'—ZO foot contour being
1,083,000 yd? fér the 36-year period or an averade of

| 30,100 yd?/yr. -Actually,>most of‘the 1,083,000 yd? total

accreted during‘the first few vears after the construction

of the north jetty in 1934.

The 8,272,000 yd3® lost from the eight miles of sections 2
through 9 is an average loss of 196 yd2® per foot of shorefront
over the 36-year period, 1929-1965. On a yearly basis, these

figures repfesent a loss of 229,800 yd3 per year overall.

,._1'3_
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Actuall&, the 1oss»from the near-shore area during the 1929-
1965 period Qas éreater than the 8,272,000 yd3 (229,800 yd3/yr)
presented above as thesé figures could be computed accurately
only to the 1965 location of}the'—ZO foot contour. The survey
profiies received from‘the Baltimore District Corps of Engi-
neexrs show losses seaward of the -20 foot contour. However,
as the 1929 and 1965 profiles did not élways close seaward of
the -20 foot contour; it was not possible to make an accurate
computation of these further lqsses. Compérisons,that were
bossible indicated,'however, that the 36-year losses seaward
of the present -20 foot contour out to the-30 foot;coﬁtour
totaled about 9,660,000 ya’, or 6.4 yd’ /year per foot of
shore. This is of the same ‘order as ‘the loss (8,272,000, yay)
measured between the MHW and - 20 foot contour over this

same 36-~year period interval. Thus the total loss over the
veiqht miles frontage would appear to be 17,932,000 yd3

" between the MHW and the - 30 foot contour.

The March 1962 Storm

The northeastern storm of March 6;8, 1962 resulted in severe
damage to the shore between Montauk Point on Ldng,Island and
V{rg%nia Beach, Virginia.' Emergency shore protection, fuhded
by the Federal quernmenﬁ,-waS'undertaken after this storm

-and Ocean City was included in the project. The Ocean City

=14~



area included was the northerly eight miles, extending from
the Maryland-Delaware line to within about one.mile of the
inlet. The emergency measures undertaken involvéd the place-
ment of a sand dike along the beadh; The quantity of sand placed
in the eight mile dike at>0cean City was 1,050,000 yd® accord-
ing to the records of the Baltimore District. _This‘would‘ '
be an average of 24.8 yd? per foot of shore. This sand was
dredged from depo§its in Assawoman, Isle of Wight, and'Sine—
pPuxent Bays and had a medium grain size of from 0.18mm to
O-%S, depending on the source. This sand was not a good match
with the 0.4mm sand characteriétic of the Ocean City shore
and, therefore, probably eroded more easily than wouid the
coarser sand.A The dredged sand was,-however, the onlfv
practicable source for the emergency. This 1,050,000 yds3
pPlaced on the shore should be added to the quaﬂtitj.eroded
which would actually result in a loss of 1,050,000 yd? greater
than the erosionvfigure of 8,272,000 yd3 quoted above for

the area between the MHW and, -20 foot contours. This revised
- total would then be 9,322,000 yd® or 258,900 §d3 ber year,

or 6.1 yd3 per Yeaf per linear foof of shorefront. These
figures do not include the losses betﬁeen the ~-20 foot and »

-30 foot contours. These losses increase the figure to 12.5

s :
yd /year per foot of shore.

-15-
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2.3.2 Section 1

The accumulation in section 1 ﬁétween the -20 foot contbur ,
and -30 foot contour was about 2,722,000 yd?® over the same
‘36-year pe?iod, 1929-1965, or roughly about 2.5 times the
amount accumulated (1,083,000) between the MHW and the -20

foot coﬁtour during this same interval. In addition to the
above quantities, a total of 1,008,000 y§3 accumulated in
section 1 between the MHW cOntpur and the boardwalk in fhis
36-year périod. Thus we find that in sectiqn 1 (thé mile

of shore front north of the north jetty) a total of 2,722,000
yd® plus 1,083,000 yd? plus 1,008,000 yd3, or 4,813,000 cu. yd.
total, had accumulated in section 1 between the boardwalk and
the -30 foot coﬁtour in»;he 36~-year sfudy interval. This

. is a total ofl4,813,000‘yd3 accretion in this one-mile sec-
tion or an average of 133,694 yd? per yvear. It should be
noted that this.4h813,000 yd3baccretion includes part of the
material‘forming the outer bar at the Inlet. It also includes
any material pumped onto this section during drédgiﬁg opera—-‘
tions in the Inlet. (The Baltimore District dredging records

indicate that some 40,000 yd? were added to the section in

this fashion.)

16~
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‘Average gain per year (1929-1965) MHW to -20 feet

Average gains for this mile...... 30,000 yd3® per year
Average gain per foot............ 5.7 yd3 per year

Note: The gains per year over this/southerly one-mile
section are probably not realistic as most of the
gains probably took place over the first few years

~of the 36-year period until the ‘impoundment
capacity of the north jetty had been reached.

2.3.3 Sections 2 through 9

The ioss of 9,322,000 yd3 inside the -20 foot contour between
sections 2 through 9 (259,000 yd'/yr) has, of course, resulted
in deeper' water moving closer inshorg which, in tﬁrn, has
permitted more wave energy to reach the beach face. Th}s
increase in wave energy has resulted in an erosion of the beach
face; thué, resulting iﬁ the'action causing the difficulty on

the Ocean City shore front.

Stated another way, the deepening of the off-shore contours
‘results in the waves trying to reestablish the former normal
\profile'bf the beach. The waves can db this only by eroding
sand off of the beach face and using this sand to fill the
of f-shore are;, thereby restoring the normal beach profile.
Either way, the profiles of the northerly eight miles are

shifting shoreward (or are tending to shift shoreward) .

=17~



2.4 SUMMARY OF VOLUME CHANGES

J

The data_presentéd show that there was a massive loss of sand
from the near-shore area over the 36-year period, 1929-1965.

. N : .
The losses for the nor;herly eight miles (sections 2 through

9) can be sunmarized as follows:

1929-1965 Time Period

¢ 36-Year Loss Between MHW and -20 Foot Contour

Total loss for 36-year period............ 9,322,000 yd>3
Average loss per mile of shore...........1,165,000 yd3

Average loss per foot of shore.......... . 220 yd?.

° Averagé Losses per Year Over the 36-Year Period

-

Average loss per year of entire 8 miles...259,000 yd3/yr
Average loss per mile df_shore..........:} 32,400 yd3/yr

| Average loss per foot of shore...... eeebae 6.1 yd3/yr .
For the southerly one mile section north of the north jetty,

there has, of course, been accretion. The figures for this

one mile of shore are:

-1 8~



° @Gain Between MHW and -20 Foot Contour

Total gain over 36-year period.....¢..,.1,083,000 yd3
Average gain per mile of shore.......... l 083,000 yd
Averade gdin per fqot Of ShOTre....u..ii. 205 yd

=}

‘Average gain per foor of shore per yr... 5.7 yd3/yr

2.5 BEACH CONTOUR SHIFTS

The erosion of the shore face is the most noticeabie result

of the loss of material from the shore. A study of the

' p051t10n of the MHW contour in 1849 and 1929 -shows that the
Ocean Clty shorellne has historically been undergoing erosion.
As shown in Table 1, the mean high water (MHW) contour shifted
shorewafd an average of 2.3 feet per year for the 79-year
period, 1850-1929. The aﬁerage‘rate for‘this same frontagé
‘for the succeeding 36-year period, 1929-1965, was 2.4 feet
per year. For this 1atter.figure, only the northerly seven
miles was used 'as the MHW contour over the éoutherly two miles
accretéd during fhis périod due to the presence of_thé‘north

jetty.

’
The erosion rate at the MHW contour was very constant over
the area for the 1l6-year period, 1849-1965. These yearly

rates give a cumulative shift landward of the MHW contour
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of 184 feet over the first 80 years and 86 feet over the suc-
ceeding 36 yearsAfor-a total oflzfo feet for the entire ll6—.
‘year period. ‘The 86-foot retreat over the past 36 years is
the figure of greatest interest as it reflects the erosion
rate since théﬁtime of greatest growth of Ocean City, start-
ing about 1930. |

The avérage shoreward retreats of the -10 foot and -20 foot
contours. over the 3é—year period (1929-1965) were 252 feet
and 350 feet respectively over the ﬁorthetly seven miles.
These‘figurés represent rates of 7.0 feet per year‘and 9.7

feetvper year respectively.

Shore Changes 1965-1979

The most comprehensive recent survey is £he 1979 setrpf pro-
files made by the Baltimoré District of the Corps of Engineers.
Only 20 of the 36 profiles of the 1965 survey were répeated

in the 19789 survey. 'Howeﬁer, these 20.profilés were spacé&

at féirly regular intervals and enabled a comparison between
1965 and 1979 coﬁditiqns to be made along the entire\ninek

miles of shore. The changes in volumes and in contour loca-

tions are indicated in Table 2 and are discussed below.
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Volume Changé% 1965-1979

Reference to Table 2 shows that the sand continued to be lost

at a rapid rate ag all depfhs between the MHW and the -20

foot contour. Actuaily,'losses Were‘in evidence out to even
greater depths but gquantities could not be accurately calculated
due to the lack of closure between the 1965 and 1979 surveys

‘at the seaward ends of thé profiles. The losses between the
MHW and the -20 foot contour are summarized,K below for the

northerly eight miles of shore.

1965-1979 Time Period o

- 14-Year Loss Between MHW.and -20 Foot Contour

‘ . 3
Total loss for l4-year period.......... 4,660,000 yd
3

Average loss per mile of shore......... 582,500 yd
’ 3

Average loss per foot of shore......... 110.3 yad

°© Average Loss per Year Over the l4-Year Period

, : ) 3

Average loss for entire northerly 8 miles... 333,000 yd /yr
, , ' 3

'Average loss per mile of shore.............. 41,600 yd /yr

. 3
Average loss per foot of shore.......cve e . 7.9 yd [/yxr
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A comparison of the above'quantities with the figures for

the 36-year interval, 1929-1965, shows them to be of the

same order — theaveragevoﬁerall loss per year being
259,000 yd3/yr over the former 36-year period compafed to

333,000.yd3/yr1for the recent l4—yéar period. These reduce

~to 6.1 yd3/ft of shore for the former 36-year period against

7.9 yd3/ft of shore for the recent l4—yéar period. This indi-
cates that there has been Some, though not a significant,
increase in erosion over the northerly eight for the later

period compared to the former period;

As in the previous survey interval, the southérly one mile

of shore against the north jetty showed a net accretion. !in
the recent iﬁterval, 1965-1979, the accfetion between the

MHW and -20 foot contouré was 281,000 yd3 total, or 20;100‘
yd3/yr. This rate of.gain waé considerably less than the
30,000 yd3/yr gain ;egistered in the préceding 36-year period;
bﬁt this could have been expected as the north jettj impound—

ment area is more nearly filled as -the years progress.
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cOntour.Changes.1965—1979

The data shown in Table 2 shows that the MHW, -10 foot, and

-20 foot contours continued to move shoreward during the 14-

~year interval, 1965-1979.. This movement shoreward is summar-

ized in the following tabulation for the northerly eight miles

(sections 2»thrbugh 9):

-

Over the 1965-79 1929-65

l4-Year Period " Average Average
1965-1979 per Year per year

MHW Contour - 32 feet 2.3 feet 2.4 feet
-10 Foot Contour 123 feet ., 8.8 feet 7.0 feet
~20 Foot Contour 200 feet 14.3 feet 9.7 feet

This tabulation indicates that the rates of erosion are some-
what larger for the most recent 14 years than for the preced-
ing 363years though the rates are of the same order of

magnitude.
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3.0  ACTIONS BY MAN

3.1 GROINS

The previous»discussions related to the shore changes at Ocean
City took into consideration the effect of the north jetty

and the placement of 1,050,000 yd® of sandfill on the beach
following the March 1962 storm. There are two other actions

taken by man which have influenced, in some degree, the beach

contours: ' \

The placement of a series of groins along the Ocean

City shorefront,” and

The bulldozing of sand from the. lower beach face up

onto the beach berm.

The groins and their results will be discussed first.

The Department of Natural Resources has supplied a listing,
dated May £4, 1979, showing the record of.groin construction
at Ocean City (Table 3). The table shows that a total of
,42 groins héve been constructed‘at Ocean City} 14 by DNR and

28 by "others".

The 28 groins construction by "others" (presumably by the

Department of Transportation) were constructed between 1922

-25-
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and 1961. Of these 28 groins, 17 were constructed before -
1939 and all of these were between 16th Street and the north
jetty. Thus all of the 17 oldersgroins are now within the
sand,fillet impounded b& the north jetty. They are probably
having little influence on the position of the beach facé,

- except péssibly thosé-groins between 12th Sfréet énd léth
Street. In fact, the groins frbm 8th Street £o_the north

‘Jjetty are buried in the sand fillet.

v

'

A set of comparisons was undertakenvto determine, if possible,
the effects which the groins had on delaying the erosion of
the shore. One comparison attempted to utilize theAfact that
before 1965, all but three of the-listed groins were south

of 27th Street. Table 1 shows that in sectionbl the MHW con-
tour moved seaward an average of.AZOAfeet during the 1929-
1965 interval for an average of 1ll.7 feet per year. However,
it is believed that this advance was due primarily to the
presence of the north jetty cdnstructed in 1933-1934 and not
- to the groins befween the jetty and 7th Stréet. Section 2
(the next mile to thernérth) moved seaward an average of 2.8
feet per yéar‘during the'séme periéd, but it seems impossibie
to s£ate whether this advance was dﬁe to the preseﬁce‘of the

north jetty or the groins in this section.
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Section 3, the next mile offfréntage to the north, had four.
groins kat 21lst, 22nd, 23rd, and 26th Streets), all installed
after 1950. The groins were apparently designed to extend
out to about the -2 foot MLW contour when constructea. Com-
paring séction 3 to,thé*six sections (sections 4 through 9)
to the north of it, we find that inesection 3 the MHW line
retreated 70 feet during the 1929-1965 period, while in the
six sections to the north, the MHW line retreated an average
of 89 feet. These fwo figures, 70 feet and 89 feet, are so
close in magnitude'that the only logical conclusion would
seem to be that the four groins inisection 3 did'ﬁot appear
to have a measurable effect in sléwiné down the»reﬁreat of

the MHW contour in section 3.

Another compariSon was available on a draﬁihg fﬁrnished by
the Shore Erosion Control Prggram of the DNR, "Beach Profile
Comparison at Selected Groins in Ocean City, August 3, 1977".
This drawing shows the groin profiles as constructed together ,
" with a beach profile.for the year precediﬁg'the_construction.
of the particular-groins. ‘These groins and‘their dates of \
_construction are 25th Street (1974), 29th Street (1973), 31lst
Street (i975), 51st Stréeﬁ (1975),'and 128th Street (1975).
Also shown onvthe drgwing are beéchvprofiles on eacﬁ side

of the five groins as of August 3, 1977.

g
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A study of these groins and profiles shows the following:

' ° The groins at 29th, 51st, and 128th Streets showed
an appreciable accretion of sand on both sides of the
groins between construction and August 3, 1977 — the

r - .
accretion being in the order of three or four feet.

° The accretion 6n the léndward half of the 5lst and
128th St£eeté groins carried well above the top of
the.grdins so that this‘part of.£he groin was buried.
This building above the groin is sometimes considered
as an indication that the accretion is not due to the

groin but to other causes.

The 1977 profiles were taken near the end of the sum-
mer (August 3) wﬁen the beaches are usually at their
most accreted_position of the year. The befofeé |
construction profiles were taken, in four céses,
between January and May when lower beach profiles
could usually be expected. Thus some df the accre-
tions could be‘atfributed to'é seasonal effect

rather than to the presence of the groins.

In view of the above findings, it is concluded that the com-

paratiVe profiles ott the 1977'drawing cannot be taken to show,
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with assurance, that the five groins are a stabilizing influ-
ence on the beach. This conclusion is reinforced by an

analysis of other data as described below.

A set of drawings produced by the”Maryland Geological Survey'
show repetitive profiles over several years at 12 places along
the shore. Other loca?ions were shown also but without a
vertical daf_um control. » ‘Thes,e repeti‘tive profi.les showed
that vertical variations in beach elevation near the mean
high water line of as much as six feet could be expected'in
a four-month period and ten feet or more over a yéar_ or two.
Fluctuations of four to six feet were commonplace. These
wide and rapid variations make a beachvelevatidn measurement
on a given day a matter of chancé and not indicative of a
meaningful iong term erosion or accretion of the upper por-
tion of the beach face from MHW to the cfown of the beach.
Thus , it seem impossible'to‘use this data to assess the
Value_—; or lack of value — of the‘groiné in stabilizing

the beach facé.

‘Summarizing the attempts made in the above paragraphs to
assess the value of the existing groins in stabilizing the
beach face at Ocean City, the conclusion seems justified that

there is no.firm. evidence that the groins have been éffective
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in stabilizing the beach face; Possibly, there has been some
beneficial effects from the groins; but theée éffects, if
present, do not seem to‘be sufficiently great £o be detected
by analyzing the existing data. Local observers may well
have séen sand action around the groins which'indicate that
the groins have a beneficial effect; howéver, the firm da#a

at hand does not permit a firm conclusion of this type to

be drawn. .

3.1.1 Discussion of the Ocean City Groins

The effects of a groin become more notigeable as the length
and height of the groin is increased. 'The north jetty at

Ocean City acts as a long, high groin'and has been very suc-
cessful in iméounding a large fillet of beaqh for a mile or

so to the north of the groin.

. The standard Ocean City groins constructed between South 1st
Street and 130 Street are approximately 201 feet iﬁ length
and extend out only to about the -2 or -3 foot MLW contour.
The question then arises as to whether or ndt the Ocean Citf
groins are of sufficient length to préduce-an impoundment |
‘of sand@against the shore. . This question is probably not

susceptible of a definite answer and reliance could probably
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best be put on the baéis of experience. Thé}"Shore Protection
Manual" of the U. S. Army_Corps of Engineers (1977 ed.)‘includes
a section on the'design of groins_which‘is based on wide exper-
ience with gfoins.’ Excerpts are quoted from this manual in |

Appendix B.

" A comparison of the standard groins at Ocean City with the.
guidelines stated in the Aépendix B excerpts show that the
Ocean City groins, as designed, cannot be eipeéted to . function
to full effectiveneSs.~ The  two priﬁe reasons for lack of

. full effectiveness are: .

The groins are only 201 feet in length and thus extend,
in most cases, only to about the -2 foot MLW contour
and in some cases, even less. The recommended depth

quoted from the Shore Protection Manual for the Atlantic

Coast is -6 foot MLW. Thus, the groins do not extend
seaward to a sufficient depth to trap and hold a large

portion of the sand drifting along the shore.

‘The‘groins,aré 201 feet in length, of which some 150
feet could be;considered as the length seaward of the
crest of the beach berm. - The Manual recommends that;
to be effective, the groins bé spaced at two to three

times this berm to seaward distanqe. Applying this

=32-

s



guideline to Ocean City groins, the spacing indicated
would be 156.x 3 = 450.féet. :In actuality, the
northerly eight miles (42,200 feet) of the Ocean City
ffontage-has é total of 28 groins. This representél
an average spacing of 1,510 feet per groin instead

of the recommended 450 feet. 1In 6ther words, the
present groin system has an average spacing of abQut
three times the recomﬁended spacing. This would
indicate that the groin system could not be expected
to fuhétion at maximum effectiveness in stabilizing

the shore.

In view of the two points described in the preceding para-
graph, it could be concludéd that the present groin‘systém
should not be expected to provide effective stabilization

of the shore. The groins have, no douBt, had some béneficial
effects. However,'as péinted out previously, it does not;
seem possible — with existing data — to define the degree

of benefit from the groins.

3.2 " SAND BULLDOZING

Over the past three or four years, Ocean Ccity has utilized

bulldozers to push the sand from near the mid-tide line up
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higher on the beéch face. This-provides.a wider beach berm
at the expense of lowering the beach elevation near the mean
sea level‘iine. Due to the nature of the bulldozing oﬁéra—
£ion,.iF has not been practicable to obtain'a usable estimate
" of the quantity of sand mb?ed in th;s fashion. Apparently,
the bulldozer would work after each winter storm to push fhe
sand back up on'the beach berm. The total cost of these
'operations was reported by the City to have been $465,315 for
the wintef period.1977—78 (late Sept. 1977 to early May 1978).
On some 6f the beach profiles referred to above, there are
mounds of Sand_shown'up near the crest of the berm. It is
presumed that these clearly'identifiéble mounds are the sand
rows or mounds which have been pushed up by the bulldozers.
Of 12 sand mounds so identified, the croés—sectional areas
varied from about §0 square feet to l7§'square ‘feet, with
an average area of about 110 square feet.-The ﬁossible
effectiveness of these sand mounds in delaying the erosion
of the shore face during storms accompanied b§ heavy wave -

action is examined below.

3.2.1 Effectiveness of Bulldozing

No surveys or profiles have been taken to measure the quanti-

ties of sand bulldozed during this time period. It is,
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therefore, impossible to quantify the effeétiveness of the
sénd mounds in reducing or delaying shore erosion. ?here
are, however, certain laboratory tésts which have been made
at full'scaie at the U. S. Army Coastal Engineering Researﬁh
Cenfer which can give some indication of thé probable effect
of the sand mounds. The tests at the Coastal Center Were
made in a large waﬁe tank'some 600 feet long by 15 feet wide
by 20 feet deep. - During the studies referred to, ordinary
sand beachés were subjectgd té'attack»by‘stérm~typeﬂw§Ves

up to six feet inﬁheight. These tests showed that these
waves eroded the shore face rapidly at first, but that the
rate of erosion decreased somewhat as the shore face was
eroded and theveroded sand ‘was deposited near the breaker line.
The results of a test made with storm waves of a height of
5.5 feet and a wave period of 11.3 seconds showed . that ‘the
beach face eroded during the first hour at about 60 square
feet per hour. For the fifth hour, the erosion rate was
about 30 sguare feet; and for the tenth.hour, about 22 square
feet per houri Using 110 square feet.asvthe cross-section
of the sand mound (or sand row) pushed up by the bulldozers
at Ocean City, it can be reasoned that the sand mound would
delay eroéion by about two hours. 1In other words, the sand
mound conceivably provided a fair degree of protection for

the first two houré, but would probably have little or no .
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effect after that time. Thus thg degree of_eﬁféctiveness

of the bulldozing would be related to the duration of the

S

storm.

Reléting the above to effectiveness, it would appear fhat
for a storm iasting through oniy oné high tide (i.e., a.
storm of say 8 to 12 hours),‘the bulldoiing probabiy has some
beneficial effect, considering that high tide lasts for only
two or three hours. But.fo; longgr storms lasting througﬁ
two or moré'high tides, the effect of the‘bulldozing would
be very.much diminished. 'If the near-shore depths cqntinﬁe-
to deepen, as described in the paragraphs above, the time
wiil arrive when the beach face between the meanK low water:
line and the boardwalk or shbrehline willkbécome SO narrow
that the bulldozing will lose whatever effectiveness it has’

under present conditions.

3.3 . THE INLET JETTIES

The inlet jetties, particularly the north jetty, have had a
very pronounced effect on the hydrography‘of the area. 1Inso-
‘far as the Ocean City beach frontagé‘is involved, the north
jetty has created a massive impoundment of_sandbwhich»blankets

the most southerly mile of shore up to about 9th Street and to
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" a lesser extent for another mile north up to about 22nd
Street. Over the 36-year interﬁal, 1929-1965, the mean
high water line over the vfirst mile. advancéd se;award an -
average of 420 feet, and over the secohd mile, an average'
of 102 feet. Over _th:"L_s' same 36-year period interval, the
off-shore area?in the first mile accumulated over 1,000,000
cu. yd. between the MHW and the -20 foot contours. (These
chqnges resulting from the installation(of’the north jetty

are discussed in more detail in preceding paragraphs.)
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The impoundment of material by the north jetty has, of course,
benefited the Ocean City beach to the north of_the jetty and
has also benefited the inlet navigation channel by preventing
some of the material'from moving into theiiﬁlet. The north jetty
has not, however, impounded all of the southward moving iit-
toral drift, and much has moved intoithe inlet. Once'intthe.
inlet, the tidal currents in the inlet have tended to move

the material seaward to form an outer bar, and landward to
form shoals in the baylarea immediately behind the inlet.
These bars and shoals have, of course, necessitated the dredg-
ihg‘of the inlet navigatioﬁ channel from time-td—time. (The
inlet opened by natural causes in 1933, and the north jetty
was built in 1934 - the’south jetty in 1935. The north jetty
presently has an elevation of +§.0 ft._MLW and the south jetty

an elevation of +6.0 ft. MLW.) , ;

The inlet navigating ehannel is maintained by the U. S. Army
Corps of Engineers at a depth of about lO feet MLW. As of

1971, the Baltimere District of the Corps reported_that'the
maintenance dredging required was, bn the average, about 63,000
cu. yd. per year to maintain a lO foot channel. The material from
the dredging has been placed in selected areas 1n Sinepuxent
Bay and, to a lesser extent (about 40,000‘cu. yd.), on the

beach front north of the north jetty. The shoal areas of
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the outer bar and in the bay areas behind contain significant
quantities of the sand which was moved into the inlet by the
littoral drift of sand and then deposited in the bars and

shoals by the action of the tidal currents in the inlet. .

3.4 JETTY EFFECT ON ASSATEAGUE ISLAND

Although the inlet has provided a vaiuable névigation feature
to the Ocean City area and prévided a better exchange of the
watérs of the ocean with the waters of the bays behind Fenwick
and Assatagﬁe Island, the inlet has had a disastrous effect on
the northly three of four miles of Assaﬁeagﬁe‘iéland. The
sand that moves southerly‘along the Ocean City frontage moved
directly‘onto Assateague Island before the inlet opened in:
1933. This sand - something in excess of 150,000 cﬁ. yd. .

per year - was able to sustain the northern end of Assateague
Islandlon essentially the.samersho;e face alignment as Ocean
City. However, since the breakthrough of the inlet in 1933
and the construction of the jetties in 1934—35, very little

" sand has beeﬁ able to move sQuth past the inlet. This has
resulted in a massive erosion of the shore face of the northegly
three or four miles of the island. In fact, at a point on

the shore two miles south of ‘the iﬁlet, observafions (Gawne)
show that the beach fécé retreated about 800 feet between

the years 1943 and 1963, or at an average rate of 40 feet
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per_year. Dufing the same 20-year period, the shore .at a
point seven miles south of the inlet - nét yet influeneed
by the inlet - retreeted only about 150 feet, or an average
of about 6.5 feet per year. This massive retreat of the |
northerly three miles of the island has almost resulted iﬁ
the flankj_.r'xé by the tidal flow of the west end (the shore
~end) of the south jetty aﬁd, in fact,‘permitted a large break—.
through ofithis sector_of the island during the March 1962
storm. This'bfeakthrcugh, or breach, was filled in as part
of emergency work following the storm, and the south jetty
was extended landward (to the west) by 700 feet in 1964 to

lessen the chance of flanking the landward end of the jetty.

Thus, it is seen that the northerly three or four miles of
Assateague Island have suffered severe eroeion‘due te the
inlet and jetty compiex. The island shoreé further south
have nbt.yet felt the_effectqof the inlet es these shores
to the south have, up to the presene, been fed by the sand
eroded from the northerly three or four miles of the island.
It‘can belexpected,-hOWever, that the erosive effect will
be felt further and further to the'eouth>as times goes.on

unless some type of corrective measure is taken.
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4.0 POSSIBLE IMPROVEMENT MEASURES

4.1 GENERAL

The continuing erosion of the shore face in front of Ocean
City makes it advisable to initate steps to stop the erosien
or to protect, in some>way, the city from‘severe damages
resulting from the c0ntinuing'erosion. The-Federal government,
acting through the Baltimore District of the U: S. Army Corps
of Engineers, is now making a comérehensiye sfudy of the ero-
sion problem at Ocean City; and it is anticipated that within
the next five or ten years, a reesonably permanent Solution‘

to the city's problems resulting from shore efosion‘Will be
resolved by a cooperative project between the city, the state,
and the federal.governments. The purpose, then, of this study
- being made_by Trident Engiﬁeering Aésociates for the State |
of Marylend is to define the various pdssible alternative
measures which would be taken by the state and the city to
serve 55 interim measures of.protectiOn until the more perma-
'nent.solution_resultiﬁg from the Baltimore District's study

is forthcoming. Most of the alternatives, which will be‘des—
cribed below, will then be cast in the frame of interim
meesures to carry through for the next five or ten years until
more permanent measures are takeh. _It is quickly recognized

that some of the plans described below could not be considered
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‘as interim measures. However, they are presented to give an

order of magnitude of costs and time involved in the various

. types of possible solutions to the Ocean City erdsion situation.

In describing the alternative measures, the advantages and
disadvantages of the meesures will be described, as well as

the manner in which they would combine with the more permanent
solution which will probably be put forward by the Coros of
Engineers. In‘view.of the importance of the Corps of Engineers
study and proposals to the present study, it is aavisable

at this time to describe the present status - as Trident under-

stands it - of the Corps study. "

4.2 THE CORPS OF ENGINEERS STUDY

The Corps of Engineers study is, as statedvabove, being made

by the Baltimore District of the Corp&. Information obtained

by Trident in meetings with the Baltlmore District show that

the District is well along with formulatlng what will probably

be its recommended solution to the Ocean City erosion problem..

The probable solution is glven in several degrees of protectlon,'

i.e., protectlon from storms of a violence spec1f1ed in terms
of recurrence intervals. Storm'recurrence intervals of 100

years; 50 years, 20 years, and 10 yeers are considered in
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the District's planning. The l0-year storm is the least

viclent of the four.

~For storm protection and shore erosion control combined, the
District envisions as its main feature of protection, the
widening and raising of the shore front by various degrees by

v

placement of sand. from other sources to provide £he required
protectien. The.defense against the 100-year storm requiring,
'of course, the gréatest volume of sand placément and the 10-
year storm the léast. The details of the present thinking_
of the District as to their probable»plans is given in more
detail in Appendix A to this report, which was furnished Tri-
dent Engineering in March 1979 by the District. Each plan
inclues not onlybthe‘first cost but an annual main;enance
cost for replacement of sand at the rate it is estimated to
be eroded from the shore face. Under these four plans, a steel
sheet pile bulkhead also would be a feature in the present

boardwalk frontage.

In addition to the four plans for bcﬁh storm pfotectibn and
‘shore erosion control, the District is considering four plans
for only shore erosion control. These plans would ﬁot raise
the beach berm as high as the storm protection plans nor :.
would they include>the_bulkhead at the boardwaik. These four
"shore erosion only" plans are shown in Appendix A. |
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4.3 INTERIM MEASURES

Possible interim measures include the following or combinations

of the following:
1. sand replenishment of the shore;

2. Bulkheads or seawalls to prevent erosion past the location

of the bulkhead or seawall;
3. Revetments plaéed.on'the beach face;

4. Croins to trap sand against the beach face and slow the

rates of loss by littoral drift;

5. oOff-shore detached breakwater parallel to:the shore;
6. Sand back-passing;

7. ‘Shifting (bﬁlldoziﬁg) the sand up to the higher levels of

the beach face.

The following sections of. the report will describe the possible
adoption of the various alternatives to the needs of Ocean City.
Each of these alternatives has advantages and disadvantages,

which will be included iﬁ_the descriptions.

4.3.1 Sand Replenishment

~

Much of the difficulty at Ocean City is due to the narrowness

of the beach face due to the continued erosion of the shore:
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\face.v As shown in Table 1, the MHW line,rétreated an average
of 86 feet over the northerly seven miles from 1929 to 1965.
Table 2 shows another 28 feet of retreat during the ne#t 14
years (1965 to 1979). This is a total retreat of 114 feet
over the past 60 years. It is.evident that the replacement

of at least part of the 1ost sand would éid in protecting

the shore.

In connection with the emergency work ﬁﬁdertaken by the Fedefél
government after the March 1962 storm) a beach cross-section
was deveioped which was considered ﬁo provide protection against -
a 10-year stbrm.alonéAthis area of the @tlantic Co:;t by the
construction of a "dune" crest for the section, 20 feet wide

at +12 feet MLW elevation. 1In front of this dune crest is a
berm 30 feet wi&e at crest elevation of +10 feet Miw; ‘From

the front edge of thé berm, the beach slope is carried seaward
on a 1 on 20 slope until it intersects the existing beach
profile. This 30-foot wide berm is a ﬁminimum" width; a 50-

- foot width,of berm is much more desirable. Where there is

an existing seawall or substantial bulkhead, the berm height
could be reduced to +7.0 MLW and the +12-foot dune eliminétéd.

Preliminary calculations indicate that the amount of sand

required to establish a 30¥foot béach with a +10-foot berm



\

and a +12-foot dune over eight'miies‘ﬁbuld be in the order
of 1.5 to 2.0 million cubic yards. Widening to a 50-foot
berm would add about another 30% to the quantity of initial

fill.

The additioﬁal sand required to maintain the replenished shoré _
would probably be in the order of 150,000 cu. yd./year. Actually
the maintenance requirements might be more than the 150,000

cu. yd./yr. due to‘the fact that fhe'offshore areas has been
progressively deepeniﬁg over the pést.lOd.years or more and

is prob%?ly-now in whaﬁ could be'called a "hqn-;quilibriﬁm"

. cohdition. This condition ﬁight cause a semi-permanent move-
ment of sand off the replenished beach face into deeper water
and theregby increase_fhe maintenanée.requirements beyond the
150;000 cu. yd./Yr. indicated. The additional’amoﬁnt of sand
that would be moved offshore in this fashion cannot be predicted
from the present state—bf—thé-art and could be determined -
OnlyffrOm field experience. Possibly the 150,060an yd. /year

- figure should be increased by 50% (to 2&5,000'cu.yd./year)k‘

to pra;ide a basis for estimatingvmainﬁenance}cost on the

Widenedrbeach.

‘The advantages of this plan are as'fdllows:

1. It would increase the recreational beach area, and present
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types of beach use could be continued with very little

interference.

It would provide a buffer to protect the backshore from

damage during a moderately severe storm (a 10-year storm).

The plan would meld easily with the probable Corps of
Engineers plan as it is basically the same as the plans

most seriously considered by the Corps for recommendation.

disadvantages of this plén are:

. ¢ - N
The plan does not protect the backshore against a storm

~of medium severity or greater (l5-year storm or greater).

*This is particularly true if only the 30-foot bérm width

were adopted.

8

The yearly maintenance figure for new sand required to
maintain the shore is uncertain. It might conceiﬁably
be much more (100% or more) than the 150,000 cu.yd./year

first quoted as a basic figure in the preceding paragraph.
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The cost of this plan (initial cost and maintenance) would depéﬁd
almost entirely on the cost of obtaining, transportiﬁg, and
placing required sand £ill on.the beach. This cost in turn
dépends oﬁ the location or locations of the sand to be used

for replenishing and maintaining the beach.

4¢3;2"Use‘of*Ve;y;Ebng'G:éins"“

Groips are intended to stabilize the shore by trapping sand
between the grqiné and by decregsing’the‘rate of littoral
drift causingflosses‘from £he shore. fThe exact manner in
which»groins fuﬁction is imperfectly understood even at this
date, and design is principally empirical. Considering the
success of the north jetty (which also acts as a gréin) in
impounding sand and protecting and stabilizing the shore for
at leaét one mile ,to the north, a rather final solution would
‘be to build groins soﬁe'SOO to 1000 feet in length at one
mile intervals over the Ocean City frontage and to approxi-
mately the same elevation (+9 fé. MLW) as the north jétty.

The groin wouid probably be of réck méund construction. This
plan would essentially stop all sand movement along nine miles-

of beach and restfict sand movement to circulation within each

one-mile section.
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Due to the thinness of the beach over much of the present
frontage, sand would have to be supplied initiaily to each

_ compartment. so that even when the sand wés impounded mainly
against the south groin, sufficient protective beach width
-Would femain at ‘the north end of the cémpartment to provide
the ﬁecessary protection to the ba¢k4shore areas (the areas
behind the duneé and boardwalk). The stable fillet angle
~is about 5° as measured in the first mile (section 1). This
f£ill woﬁld take about 425,000 cubic yaids for each of the
_eight one-mile sections north of the first mile; this would
be a total of some 3,400,000 yd3 of initial £ill for the
northerly eight miles £o be placed between the groins. This
fill would be absolutely requifed'in this plah, otherwise
the northerly end of each mile sectioﬁ would be eroded 200 feet

or more back into the backshore by the time the mile section

adjusted itself to the 5° fillet angle.
The advantages of thisvplan aré as follow:

1. The erosion of the shore woﬁld probably be stopped .

. or reduced to a very low rate;

2. Maintenance costs would be low;

It would increase the recreatidnal beach area and the
present typés of beach use could be continued with ‘little
interference;
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4,  The groins could be designed to provide recreational’

fishing along the outer portions.
The disadvantages of this plan are:

1. It would have a very high first cost;

2. It would not meld with the probable plan to be recom-

mended by the Corps of Engineers;

3. It would‘permanently_eliminate the passage of Littoral
drift past the nortH‘jetty, ‘Thié could conceivably benefit
‘thé navigation channel in the inlét but has a high poten-
‘tial for continuing damage to Assateague Island. This
may introduce certain,iegal aspects into this plan of

improvement.

J

4.3.3 Use of Long Groins

By long goins are ﬁeant'groins extending out to about the

- 6 ft MLW contours. This would require groins some 400 to
500 feet in length or’somewhaf over double the length of the
present groins. These groins Would, in ‘effect, be in keeping
with the article on groins in the Shoré Pfotectidn Manual

(see Appendix B).
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The prdfile of the basic groin consists of an initial horizon-
tal section at eievation +10.0 MLW across the beach berm, or

at the iocation‘of the desired beach bérm, a slopéng section
following the normal’beach prbfile'slope to about the mid-tide
line, énd a horizéntal‘sectiOn at about mid-tide level out

to the -6 foot contour. The groins could be constructed of
wood ﬁiling, steel.piiing, or'sténe. Treated wood piling.of
stone is géﬁerally preférred due to the difficulty in main-
taining steel piling against ruSt‘and abrasion in the saltwater-

sand movément environment.

i

‘These groins would be from 400 tQ 500 feet in length and pos-

'sibly longer depending on local conditions. In view of the
desire to widen the beaches as a protection against storms
and for more recreation area, the 450-foot length should

probably be used for estimating purposes.

The spacing of the groins is another factor to be considered.
The Shore Protection Manual (par. 5.664) makes a very definite
;reqommendation in italics that |

| "The spacing bétweeﬁ groins should equal two or three times

the groin length from the berm crest to the seaward end.”



«

Uéing a berm width of 30.féet, a 450 foot groin would have a
length, berm crest to seaward end of about 420 feet.

Using the most liberal spacing of three times .the working
length of 420 feet,_the_récommendedsgroin spaciné would be

71260 feet, or four groins per mile, or about 32 groins for the -

eight miles of shore in most need of improvement.

The sequence of construction is also of concern. There are two
possibilities: One is to build allgthé groins (or a great
number of them) at one time; the other is to.build the gréins
in Sequence‘startihg from £he downdrift end . (the south end

in this case) of fhe proposed groin field. In this latter
.case, the concept is that the first groin would be built

and then permitted to "fill" to capacity, i.e., to adqumulate.
its complement of beach sand, and then build the second,

ahd sé on northerly up the beach in sequence. Each>groin‘
would have to trap about 47,600 cubic yard to be "full". With
an'estimated littoral drift rate of 150,000 yra/yr, the rate

of groin building under this plan would be somewhat less thaﬁ
four groins pef year. Thus a groin’éonstruction program extend-
ing over 10 yéars for the-BZ_groins would be indicated. This
time is possibly ﬁnrealisti¢ in terms of the needs of the com-

‘munity.
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The plan for long gfoins becomes more realistic if it includes
a plan for initial filling of the beach area between any two
groins with sand when constructed in order to permit the rapid
construction of groins. This would require the placement of
about 47,600 yd3 in the 1,320-foot beaéh spacing between
adjacent gfoins. This would then require sandfill of about
190,000~yd3 per mile or about 1,525,000 yd3® for the entire
eight miles covered by the 32 groiﬁs.»y‘

\

The advantages of this plan are:

1. A rather permanent solution to the shore erosion probléem

at Ocean City would result.

2. Groin maintenance costs under normal condition would be

moderate, assuming well-constructed groins.

3. Beach maintenance costs would be moderate as the groins
would act to retain most of the beach sand in its own -

beach compartment.
4. The recreational area on the beaches would be increased

and the present type of beach uses could be continued

with little interference:
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The disadvantages of the plan are:

" Protection against 10-year storms would be attained over

all the shore face and against about 25-year or 'greater

storms for those portibns_of_each compartment which hap-

pended to be widest when the storm struck. (Normally,
this widest portion would be the southerly part of each

compartment.)

The plan would not be counter to the Corps' probable

plan. ’ -

-

_The first cost would be high,

/ o :
If too many years were involved in adopting the. Corps. plan,

much of this plan might be accomplished before the Corps.

began work.,

The passage of littoral drift to the south past Ocean

City would be essentially permanently eliminated. This

. could conceivably benefit the navigation channel in the

inlet, but has a high potential. for continuing damage

~{(with certain legal implications) to Assateague Island.
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4. A large storm (50-year storm or greater) might, in one
‘event, pull enough material out into deep water offshore
to leave the beach face again exposed to wave damage.

Replacement of fhié.sand'might be necessary.

4.3.4' Use of Short Groins

’

Very short  groirns are considered as groims about 200 to‘225 feet
in length and extending to seaward not past the -2-foot, MLW
contour. These are goins of the type which have been installed
at Ocean City over -the pas£ few years. As pointed out above,
it has been found impossible - with existing'data - to detér—
mine quantitatively the degree to which the, existing groins
‘have had a beneficial effect on the shore. Local observérs

and shore front owners may ﬁell be convinced that the existing
groins have had some‘deéree.of beneficial effects, but it does
not seem possible to identify these effects quantitatively

and to state that with the groin this happened and without the

-groin this other thing would have happened.

In view of this lack of certainty, or the inability to assign
.a positive quantitative benefit to these existing éroins, it
does ﬁQt seem pracficable to recbmmend-é plan using this type
of grqin. ~If evidence can be obtained to identify the beneficial

NS
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effects of this type of groin, then it would, of course, be

.possible to evaluate a plan using the very short groins.

As pointed 6ut above, the present groins 80 not meet the standards
given in the Shore Protection Manual in terms of 1ength or
spacing. ‘fhe use of short groins could probébly_be considered

as reasonable if the grbins extended to at léast the —4-f06t

contour and had a spacing not over three times the working

length (the length from the‘berm_érest to the seaward end)

.of the groin. This would call for groins in the order of 325

feet in length and spaced not over 900 féet apart. (The present

‘"standard" groin at Ocean City has a length of'gOlvfeet and

' the average spacing is 1510 feet. The present average spacing

has little meaning, however, as the 28 existing groins have

very irregular spacings.)

Thus, a plan using short groins can be envisioned which would

involve lengthening by about 125 feet the 28 existing groins .

- and constructing 19 new groins to give groin lengths of about

325 feet and average spacinés of 960 feet. The groin construc-
tion shoﬁld be supplemented by‘beach fill as needed to produée
at least a 30-foot berm.width at the +16-f00t MLW contour.

The amount of beach fill needed would be‘in’the order of 1.5
million cubic yards, the same as indicated for the "sand

replenishment only" plan above. 0
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The advantages of this plan are:

1.

It would increase the recreational beach area, and present
types of beach uses could be continued with very little

interference;’

It would.providefa-buffer to protect the back-shore from

damage during a moderatély severe storm (a 1l0-year storm);

The plan would meld easily with the probably. Corps of
Engineers pléh'as it is basically the same as the plans

most seriously considered by the Corps for recommendation.

The rate:-of annual beach nourishment would be reduced
to possibly one-~half of £hat.requiréd under the beach

replenishment plan alone.

The groins would reduce localized erosion fluctuations

below the fluctuations which could be expected with

- sand replenishment alone.

The disadvantages of this plan are:
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i. The plan does not protect the backshore against a

storm of medium severity (l5-year storm or larger).

2. The first cost is considerably more than for the "sand
replenishment'aione“ plan due to the cost of 28 groin

/

extensions and 19 new groins.
3. A severe storm (25-year or greater return frequency)

might sevérely erode the shore face and.necessitate a

massive sand replenishment program.

4.3.5 Use of Bulkhead

Bulkheads are vertiéa; structures placéd well® upon the face

to interéept wave aftack and protect the backshore. They are
usually placed above the mean high watef‘line and are nét brought
under wavé attack except by»sto:m wavesQ They are sometimes
considered to be thé'last line of defense, which comes info

“play only after rather severe erosion haé taken place on the
beach in front of the bulkhead. Pilinés are the usual form }

of construction; pilings of wood, steel, and reinforced concrete

’

are frequently used.
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The present bulkheads under or alongside the boardwalk of
Ocean Citylrepresént a standard use of_bulkhéads in shore
front areas. 1In fact, the forﬁhcoming Corpé'of Engineers'
plans will probably include a bulkhead along the boardwalk
area of the shore. The depth to which the bulkheéd pilings
are to be‘dri§en is impértant as the assumptioh/mﬁst be made
that a substantial portion of the sand against the seaward
face of the bﬁlkhéad will be eroded away by wave action during
a severe storm; Also, the seaward toe of bulkheads are some-
times protected by quarry rock of sufficient size to prevent
complete undermining and collapse of the bulkhead during
severe storm wave attack. One of the Corps of Engineers
‘alternatives will probably be a bulkhead with quarry rock

protection at the toe and sand fill in front of the bulkhead.

For the interim needs of Ocean City, a sheet pile bulkhead
driven along the seaside or landside of the boardwalk should
be coﬁsidered; Due to the difficulty of plaqing qﬁarry rock -

~ to protect the seaward toe of the bulkhead, this feature could
be omitted from the interim plan and the piling driven to a .
deeper elevation to compensate somewhat for the lack of toe
protection. Some form of tiebacks should be incorporated in
the plén to prevent the wall falling seaward in event of severe

loss of sand fromjthe(Séaward face of the wall.
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The top elevation of the piling should be about +14 feet MLW
(the elevation of the‘present boafdwaik), and the‘piliné should
be carried\at least to MLW and very possibly to a deeper ele-
vation to guard against undermining of the bulkhead. The
'placing of additional sand in front of the bulkhead would

be deferred in view of the fact that the bulkhead plus the
sand mass on. the existing beach would probably be sufficient
- to protec£‘against a lo-year storm. However,»whencthe sand
mass seawérd'of the bulkhead and;above theuﬁean low wéter
line decreased in cross-section to less than 1100 sq. ft.,
steps should be taken to rebuild the shbre.té\at least the

1200 sq. ft. cross-section.’ p

The bulkhead plan would be most obviously . suited to the board-
walk frontage but could be adapted tb the several miles of
beach between the no:ﬁh end of the boardwalk and the Maryland-
Delaware line. Along these sections of the shore, the bulkhead
would be located about 175 feet to 200 feet shoreward of the
~existing mean low water. Adjustment of the bulkhead line

could be ﬁade to fit local 9bhditions alfhou%h gross irregu-

larities in the bulkhead location should be avoided.

Advantages of this plan are:

1. There would be very little disturbance of the existing

beach uses.
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First cost would be much lower than the costs of a number
of the other possible'plans.

Maintenance costs of the bulkhead wbﬁld be low, presuming
that the bulkhead was constructed of material of suitable
strenéth and durability. Reinforced concrete piling is

probably a suitable candidate for this adaptation.

‘Some of the frontage in the boardwalk area may already be

protected by a bulkhead of sufficiently rugged design
so that new bulkhead construction along these frontage

sections would not be required.

The present shore processes in the area would not be dis-

turbed, thus the action would not have an adverse effect

on Assateague Island.

Disadvantages of this plan are:

. l'

The bulkhead alone would not prevent’further degradation

of the beach in front of Ocean City.

If steel sheet~piling'Were'selected'for’thé bulkhead con-
struction material, coatings would have to be applied
and aggressively_maintainEd on any exposed portion of

the steel}'
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3. The plan does not fit well into the probable Corps of

Engineers plan except for the boardwalk area.

4.3.6 Partial Bulkhead Plan

This plan would be identical to the preceding plan except

that the bulkhead would be constructed'only as needed. In
this plan, the bulkhead line for secpions north of the board-
walk would be sélected_ana monumented. Whenever, in a section
of beach frontage,_the‘beach cross-section seaward of the bulk-
head line énd above the mean low water line becomes less than
1500 square feet, then the bulkhead would Se constructed along
‘that frontage. In this way, the bulkhead would be constructed
only in those sections having an immediate need for the pro- 
‘tection- The possibility exists that in thié way the Corps

of Engineers plan might be put under construction before

substantial lengths of the bulkhéad~were’constructed.
The advantages of this plan are the same as for the preceding
. pPlan, plus the following:

1. Only those sections of the bulkhead most needed would be
constructed before the Corps of Engineers plan was under-

taken.
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The disadvantages of this plan are the same as for the pre-

ceding plan, plus the following:

1. A degree of alertness on the part of the public officials
would be needed in order to detect promptly any new beach

frontage which needed bulkheadiné.

|
2. A flexible budget would be required to ensure that new

bulkheading néeds would be promptly funded.

4.3.7 Use of Seawalls

Seawa;ls are'sim;lar to bulkheéds'éxcept thét seawalls are
placed lower on the beach face and are designed to come under
wave attack on a daily basis and under severe wave attack
during each storm. Seawalls are, therefbre, much more massive
_s;ructures than bulkheads‘and, as a result, are very much
moré costly to build. Coéts of from $2,000 to $10,000 per
front foot are to be expected in séaWall.construction. Exam-—
Ples of seawall construction are the Galveston seawall to
defend against Gulf hurricanes and thé seawall at Presidio

‘Beach near San Francisco.

In view of the very expensive nature' of seawalls, no detailed
discussion and no plan will be described in this report as

they are not likely candidates for use at Ocean City as an
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interim measure. Also, a seawall, when placed at or near
the mean high water line - as they frequently are, greatly
restricts the amount of usable beach area with easy access

to the water.

4.3.8 Use of Revetments

Revetments can be thought of as blankets placed in the dry
section of the beach to protect the upper sections of the

beach from wave erosion during storms. Revetments are of

two . types:

Rigid revetments - usually large concrete slabs {

placed or cast directly on the beach, or

Flexible revetments - loose quarry Stone’or some
type of flexible construction such as interlocking
concrete blocks. |
Revetments are more commonly used in semi-protected areqs;

- such as in bays of estuaries; howevet, there are.examples

of their use on oceahfront beaéhes. Rngtments are partic- .
ularly vulnerable.to being undermined at the toe'(the foot)
of thé;revetment. Thus, it is usually necessary to provide

some type of cutoff wall to protect the toe of the revetment.
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Many types of flexible revefments have been'introduced into

the market in the paét few years. Some of these utilize spe-
_cial shapes of interlocking concrefe blocks. Other use special
concrete shapes glued to a plastic filter cloth.: The plastic
filter cloth is a special plastic fabric Qith holes through

. . \
the plastic which are too small to permit the passage of sand

but large enough to permit the rather free movement éf water
through the cloth. | ‘

A revetment for Oceah City could be visualized as a blanket
along the entire beach front (except when ‘bulkheads are
already in place) and extending,from abou£ the mean high water
line (+3.5 MLW) up to aboﬁt the +10.0 MLW elevation. On a
1:15 slope; this revétmént would have a width 97.5 feet (say
100 feet). The revetment could be a rigid cOnérete pavementA
or one of the flexible types of revetment. A flexiblg révét—
ment of "Gobi" blocks fixed (glued) to a plastic‘filter cloth
would be a candidate for the flexibie type revetment. Both
.ﬂtypes would require a cutoff wall to protect the toce of the
revetment. The cutoff wall_could be of WOod,‘sfeel; or rein-
forced concrete sheet piling. The éteel'piling would have

to be maintained with a protective coating whenever it became

exposed on an continuing basis' to the atmosphere.



All beach revetmentsv(except quarry  stone) have the aspect
of‘ﬁ6t~being able to’localize'a failure. Tﬁus, if for some
reason theré is a local failure, this failure tends to spread
quickly.throﬁghout the entire_areg. Therefore, it is usually
‘ adviséble to compartméntizé the revetment by a system of cut-
0off walls extending down into the underlying sand. These

walls would be designed to restrict the spread of a failure

to its own compartment.

Another negative feature of revetment, in addition to the

one just mentioned, is the fact that the surface of the revet-
- ment is»usualiy so‘hara of rbugh‘ that it would not be used
~for sunbathing or felaxing on the beach. Of course, it would
be possiblé to place the revetment on a steeper slope than

the normal beach slope. and then cover the lower part of the
revetment with‘sandQ The lower portion of the revetment would

not then be exposed until storm waves eroded the sand cover

and brought the revetment into.play as a protective device.

'Advantages of this plan are:

l. The normal éhore pfocesses are not disturbed to any great

extent by the présehce of the revetment.

2. The initial cost of construction would be significantly

less than some other methods of shore protection.
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The loss of sand from the upper beach face is greatly

- reduced by the revetment; the need for periodic replenish-

ment of sand to the upper beach face would be greatly

lessened.

ODisadvantagés of this plan are:

1.

The revetment is vulnerable to rapid spreading of damage

"and failure unless frequent containment walls are pro-

vided.

The surface of the revetment is not adapted to ordinary

beach uses unless provisions are made to cover the revet-

ment with sand.

The revetments do not protect theAback shore from damage

during major storms.

4.3.9 Use of Intermittent Revetments

This plan would be similar to the previous plan using revet-

ments except that revetments would be constructed only along

the beach fronts most needing proteétion. This plan would

involve first laying out a "holding"line along the crown of

the beach. This holding line would be the line where
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it was desired to defend against moderate- storms (1l0-year

¢ :
or maybe 20-year storms). Then,_whenevér'the beach cross-
section seaward‘qf this line and above the mean low water
line becaﬁe less than 1500 square feet, a reVetment‘would'
be placed on this section 6f the beach, Wingwél;s to pre-

vent flanking of the revetment would be a feature of this

plan.

Advantages of this plan are essentially the same as the pre-

vious full revetment plan, plus the following:

1. Only those sections of revetment most needed would be
constructed before the Corps of Engineers plan was under-

taken.

Disadvantages. of this plan are éssentially{the same as for the

full revetment plén, plus the following:

1. A degree of alertness on the part of the public officials
would be needed in order to detect promptly any new beach

frontage which needed revetting.

2. A flexible budget would be required to ensure that the .

need for new revetments would be promptly funded.

-~
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3. Adequate wingwalls would be needed at the ends of the
sgements of revetment to ensure that the material is not

lost from behind the segments when under storm wave attack.

4.3.10 Use of Segmented Off-Shore Breakwaters

The use of an off-shore breakwater parallel to the shoré should
be considered.’ A continuous breakwater would not bé suitable
bécause it would completely eliminate the wave action on' the
beach.: This would rob the users of the attractive feature

of the light surf breaking on the beach. This, plus the very
high cost of off-shore breakwaters capable of withstanding '
wave atack, make the use of a"continupus off-shore.bfeakwater
an impracticél method of protecting the Ocean City beaches.

It might be possible, hbwever; to.develop a more reasonable

plan by using segmented breakwaters.

! A .
Segmented breakwaters are short sections of breakwaters placed
at such a depth that the ordinary shore processes are changed

by the presence of the segments. Such breakwaters are some-

times referred to as detached breakwaters. These breakwater

segments affect the shore in two ways:

° They create shore compartments which tend to retain

the sand within each compartment.
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o

They intercept a portion of the wave energy; thereby
lessening the Wavé energy - and wave erosibn capability
- of the waves reaching the shore.

There is still a substantial residual of waves reaching the
beach in this type of protection‘nhere‘beach users would not
be deprlved of the enjoyment of swimming in the surf. - How-
ever use of the shore for surfboard riders would probably
be»ellmlnated. |

Segmented breskwaters permit a certain léngth of the wave
crest to pass between thé segments and move on toward the
shore."These.sections of the wave crest are then diffracted
as they tend}to.behd into the area protected by the break-
water segments. Thus, the wave crests reach the shore in a
curved arc which tends to reshape the beach in a succession
of cusps. In doing this,»however the waves lose'their
ablllty to transport the sand along the shore face in a con--
tinuous stream; instead, the sand tends to remain in its own
compartment. Examples of‘segmented_beach projects are to be
" found at Deerfield Beach, Florida; Presque Isle Park, Erie,

Pennsylvania; and Monte Carlo, Monaco.
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For a plan suited to Ocean City, the segménts would be placed

in about six feet of water. The breakwaters could be built

as rubble mound structures or as caisson-type structures. 1In

any event, the breakwater segments would have to be 0f rugged

construction, designed to withstand the force of the full-

sized storm waves which could reach the structdres;

A

The advantages of this plan are:

1.

The-erdsion attack of the waves on the shore would be

gre%tiy reduced.

There would be comparatively little sand lost from the
nearshore and beach area even during storms of consider-

able magnitude.

O

\

Surf conditions would be reduced, but not eliminated,

on the Ocean City beaches; thus surf bathing could be

enjoyed more days per year than at present.

e

Yearly maintenance costs would be low if the breakwaters,

were properly designed and constructed.
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The disadvantages of the plan are:

There would be Very litt1e sand moving south past the

present north jetty which could ultimately reach the

eroding shores of Assateague Island. The blocking of

the sand would have a beneficial effect on the inlet

navigation channel.

‘'The first costs would be rather large.

The structure would benefit the probable Corps of
Engineers plan but would not be an essential part of

this Cofps-plan.
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4.3.11 Use of Novel, Breakwater Units

There have recently been put forward several'novel type§ of
breakwatersiwhich should be discussed with reference to 6cean
‘City. One of these are the float}ng tiré breakwaters
“made by tying or bolting together old automobile tire casings
inncertéin configurations and then énchoring these floating
‘mazes offshore. Here they act to reduce the wave heights

and £hereby reduce the shore erosion potential of the waves.
These floating tire units have been tested in relatively shel-
tered water (waves not over 4 to 6 feet-in_height)’in several
locations. While these units do redﬁce the wave heights some-
what, no wa§ has yet beeh devised to prevent them from breéking
apart or keeping them anchored in strong wa&e action. |

Thus, it does not appeaf that these units have any applicatoﬁ

(
on the Ocean City beach.

Other t&pes of preformed units have been proéosed and tested
to a certain extent. One of these is a Z-wall unit composed
of Z-shaped concrete units standing vertically and bolted

together to form a length of breakwater. They have not

proven stable under wave action on the Great Lakes where the
wave climate is not as severe as at Ocean City. Thus, they

would seem to have no application at Ocean City.
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Another unit know as the "éhorprotector" consists of a series
of steel slats, with.spaces,between,'mounted on a‘triangular
éhaped steel A-frame,' The units azre about gix feet in height,
base"to apex of triangular frame, -and are fabriéated ashore
and then placed off-shore by hélicopter. Trials of the "Suff—
breaker" conceptlat VirginiarBeadh, Virginia, showed them to

be unsatisfactory for use on open ocean beaches.

_The novel unit showing the most promise at present is a .
patented device called-é “Longard-Tubef.g‘It is a plastic

tube 4 or 6 feet in diameter and about 100 yards in length.

vThe tube is pumped full of sand while being,héld at its intended
site. The unit can be placed offshore in shallow water to ‘
reduce wave action or at £he base'of a bluff.to defend the

toe against wave action. These Longard Tubes have not been
sufficiently teéted for strength and stability in heavy wave
action to warrant recommending them except on an experimental
basis. One grave weakness is their sﬁsceptibility to vandalism »
or to puncture by floating debris; this weakness has been

shown at a few of the experimental test sites.A

4.3.12 - Use of Sand Back-PaSsing
By the term "sand back-passing” is meant a system which traps

the sand at the down-drift end of a littoral drift compartment
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In the case at Ocean City, this would mean, under presént coﬁ—
ditions, trapping the southward moving littoral drift at the
nqrth‘jetty and then, in some way, transporting this sand nine
miles north and placing it on the Ocean City beach near the
'Delaware line. The present estimate of southward moving
littoral drift passing the north jetty is in the order of
150,600 yda pef year;‘thus; a sand back-passing arrangement
would be expected to resupply 150,000 yd3 or so to the beach

front of OQOcean City.

Actually, the analyéis on Table 2 sﬁows that the present rate
of loss (l965.to 1979) from the shore between the mean high
water line and.thé-jZO-foot contour is 308,000 yd3 per vyear,
or about twice the 150,000 yd3 of the possible sand back-
passing rate. Therefore, while sand back-passing would be
helpful it would not-be the complete solﬁtion”td:the long-

term shore erosion problem at Ocean City.

This sand placement could contribute to deéreasing the rate
of erosion and possibly serve as a Sﬁfficient measure during
the interim period until the Corps' program is undertaken.
This optimism isvjustified to a certain extent by thé fact
that the Saﬂdithses betgeén the mean hiéh wafer line and the

- 10-foot contour for the northerly eight miies'of the shore.
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'éveraged only 113,500 ida per,yéar fdr the recent l4-year
period. Thus, if the 150,000 yd available for back-passing
was placed ét the more critical. sections of the beach from
year to year, the present erosion tendenéy could possiblyK

be checked or certainly decreased.

There. are fwo diffiquities with this plan of back-passing:
First, back-passed sand would have to bg pumped, or otherwise
transported, a distance of eight or nine miles, and second,
the permanent denial of this sand to Assateague Island might

‘cause some difficulty from a leéal and environmental standpoint.

It is to be recognized that the placeﬁent of 150,000 yd3 per.
year over the noréherly_seven or eight would not be expected

to widen the beach or make it better abbe.tq withstand storm
wave attack. The most fhat could be expécted from this treatment
would be to hold the’beaChifront in its presént position and
condition. Of course, if a'separate~sand supply was used |

to rebuild.the beaches as-outlined above,the back - passed

.sand could be uéed to maintain the replenished beachés as pre—_"

 viously discussed. -

Advantages'of_this plan are: K

1. It would possibly maintain the beaches in their‘preseht _

position unless a major storm struck the area;
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2. It would not interfere‘withvpresent uses of the

beaches;

3. Maintenance of the inlet navigation channel would be

. made easier. -

Disadvantages of this plan are:

1. It would not significantly improve the present condition

of the beaches;

2. The sand transportation costs from the inlet to the
northerly few miles of beaches might be rather high
due to the distance involved;

3. The sand would permanently be denied to Aséateague Island,
and this might create'cettain‘legal and environmental

problems.

4.3.13 The Use of Sand Bulldozing

The effect of bulldozing sand from the lower portions of the

dry beach to the upper portion is to gain an additional hour

i
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\
or two of initial protection against the next storm. Frequent

recurrences would make this type of protection rather expensive,
and if the interﬁal between storms was too Short, there would
not be time to bulldoze sand up on the beach. Also, if the

storm was of such a duration that storm waves and high tides .

'

coincided for a period ofvaboutinvé.hdurs‘o; more, the effect

of the bulldozing'wouldfpppbably;not;be“significant.:‘-’

The above;'in effect, éays that if the storm's waves lasted
only through one high tide, there would be some benefit from
the bulldozing, but if the storm lasted through two'higﬁ tides
the effects of bulldozing would probably not be significént.

A study of!probdble storm durations at Ocean City would be
needed to enablg the relation between costs and benefits to
"be established relative to sand bulldozing. A study of storm
durations at Ocean City was not available at the time of this

preliminary report.
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5.0 PERTINENT STATEMENTS

~

In arriving at the analyses and deVeloping the plaps gi&en in
this preliminary report, the assumption has been made that the
data made available to the writeré was sufficiently accurate
for use in the analyses. ' In view of.the scope of the study,
no attempt was made to check the accuracy of the basic data

as long as the data was from.a_seemingly reliable source.

Anothersfactor 0f>cohcerﬁ is the long=term and short-term
implications of the significant deepening of the waters close
in-shore at Ocean Ciﬁy. This eroding condition is»discussed
previously in this report. The analysis and discussion show
that there has been a massive loss of sand from the in-shore
waters (inside the -30 foot contour)'dver’the past 130 years
which is out of proportion to the landWard éhift‘of’the meaﬁ
high water lines. This conditibn results in anvincreased
‘poféntiél for destructive erosion of the beach face during.

a proibnged storm. The full‘implications;of this massive in-
shore erosion, particularly erosion seaward of the -10 foot
contour havé not been considered in this present report as
vthg report is directéd primarily to inﬁefim measures for
Ocean City. The'Cb¥ps of Engineers fdrthcdming study can be
"expected to address questions of long-term tendencies and.

long-term solutions.
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Some of the altefnative plans described. in this report — such
as the very long groin plan outlined above — are not intended
to represent interim measures. Rather, they are included
to show. the coﬁsiderable difference getween a possible per-
_méneﬁt solution and an interim solution to the erosion problems

at Ocean City.

&

. Within this report, the details of the various alternative
plans are not developed fully. More detailed development
will be made of the alternatives selected for further study

by CRAC and DNR.

Certain quantity calculatioﬁs used in describing the alternative
plans used figures based.on the Corpé' 1965 survey. These:
figures will be revised in the next phése of thisfrepbrt to
‘reflect the conditions shown on the'Co£ps' l97§ report. This
| 1979 report did not become available to;the writers until
aftef a cgnsiderabie number of critidql calculations had alreédy
been made using the 1965 survey and time has not permitted
'lthe adjustments of these figures to the 1979 survey. . The

revisions to utilize the 1979 survey are not expected to produce

significant differences from the present report.

s
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APPENDIX A
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INFORMATION SHEET ~-.OCEAN CITY, MARYLAND
'PLANS OF IMPROVEMENT FOR BEACH EROSION AND
HURRICANE PROTECTION FROM OCEAN CITY INLET TO

' MARYLAND-DELAWARE LINE

Furnished by: U. S. Army_Corps of Engineers
.District Baltimore

\

The alternative plans of protection for Ocean City provide for
beach erosion control and hurricane protection for the 100
~year, 50 year, 20 year, and 10 year storm levels. The plans
considered consist of widening and raising the beach along
the entire reach from 10th Street to the Maryland-Delaware
line plus creating a dune line from the end of the boardwalk
to the Maryland-Delaware line and constructing a steel sheet
‘pile bulkhead from the end of the boardwalk to several blocks
south of 10th Street, depending on the degree of storm pro- -
tection desired. Figure 1 indicates the four plans of pro-
tection investigated.

Each widened beach will have a 50-food wide berm with the
foreshore slope from the seaward edge of the berm to exist-
ing ground on a slope of 1 on 20. The wider beach will pro-
vide a larger area for recreation and also a larger area over
which wind generated waves may be dissipated. A steel sheet
pile bulkhead with concrete cap would be constructed on the
beach side of the boardwalk. A bulkhead is recommended in
this reach instead of a dune because the wide base of a dune
would limit the usable recreation area. A sand dune above
the level of the boardwalk would also cause clean-up problems
from wind blown sand. In the event of severe scour, the bulk-
head is protected by a stone revetment buried in the sand at -
and elevation of 4 feet above mean low water. The revetment
is composed of 500 to 1000 pound stones restlng on a woven
plastic filter cloth. ‘

Between North Division Street and the North Jetty, the beach
‘is of sufficient width to dissipate wind generated waves,
therefore, the bulkhead or beach fill is not reguired in this
section. : Z






The centerline of the dune construction from 27th Street to

" the Maryland-Delaware line will be located 25 feet east of

the Building Limit Line. The dune crest would be 25 feet
wide with the sideslopes of 1 on 5. A slat type sand fence
will be established on the crest of the dune to catch wind-
blown sand, affording an even higher degree of protection,
and to prevent human traffic. from crossing.the dune at unspe-
cified points. The dune will be stabilized by beachgrass.

These combined beach erosion control and hurricane protection
sections will provide a minimum beach width of about 190 feet,
170 feet, 150 feet, and 130 feet for the 100 year, 50 year,

20 year, and 10 year storm levels, respectively, between the
bulkhead or the seaward toe of the dune and mean high water.

In addition to these four plans of protection, four plans

that would provide only for erosion control (no storm pro-
tection) were investigated. Figure 2 indicates the four plans
investigated. These plans will not include dunes or steel
sheet pile bulkheads for storm protection but will consist

of beaéh widths of 190 feet, 170 feet, 150 feet, or 130 feet.

Because the natural wave and storm action at Ocean City will
continue to erode and remove sand from the beaches even after
construction of one of the eight plans described, it will

be necessary to periodically nourish or replace this sand
from an outside source. This quantity is currently estimated
to be 100,000 c.y. per year. Periodic nourishment would be
accomplished every two to three years. In order to reduce
the annual cost of this periodic nourishment, insure a supply
of suitable beachfill for nourishment, and prevent any of

the eroding beachfill from shoaling in the inlet a deposition
basin and a weir-jetty extension to the north jetty will be
construction (sic). The function of this system is shown on
Figure 3 and descrlbed in Inclosure 1.

In addition to periodic beach nourishment, fertilization and

~replacement of dune grasses, and bulkhead maintenance is re-

guired. Table 1 indicates the first costs and maintenance

costs of each of the eight plans considered. These costs
-are broken down into a Federal share and a non-Federal share

and;are based on March 1977 price levels.

Note: Source of beachfill is an offshore shoal area located
. just south of the south jetty and about 1/2 mile off-
shore.
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Inclosure 1

SAND BACK-PASSING/BY-PASSING SYSTEM
AT OCEAN CITY INLET

Waves arriving at an angle to a shoreline generate a longshore
current which picks up sand set in suspension by the breaking
waves and carries this sand along the shoreline (longshore
transport) to nourish downdrift shoreline segments. Upon
reaching an inlet, the tidal forces of the inlet interrupt

the longshore transport and results in the sand in trans-
_port 1) entering the inlet and forming interior shoals 2)
being jetted offshore and forming an offshore shoal and 3)
naturally by-passing the inlet to nourish the downdrift shore-
line. If processes 1) and 2) predominate, then, severe ero-
sion will occur on the downdrift shore adjacent to the inlet.
Stabilization of an inlet by jetties increases the interrup-
tion of the longshore transport by causing sand to accumulate
on the updrift side of the updrift jetty, at least until this
area fills to capacity and the normal processes described
above resume. - ] :

In order to avoid adverse shoreline erosion downdrift of a
jettied or unjettied inlet, mechanical sand by passing can

- be utilized. This process simply involves obtaining an amount
of sand equal to that being transported along shore updrift

of the inlet and depositing this amount of sand on the shore-
line downdrift of the inlet thus re-establishing the longshore
transport system. Sources of sand for by-passing are usually
1) inlet interior shoals 2) inlet ocean shoals or 3) sand -
that is trapped by the inlet jettles.

It is ev1dent that Ocean Clty Inlet and its stabilizing jetties
(particularly the North Jetty) is interferring with the long-
shore transport system along the shoreline of Ocean City, .
Maryland, and Assateague Island, Maryland, and has resulted.
in the shoreline recession of the Northern end of Assateague™
Island. As part of the Baltimore District's recommended plan
of improvement for Ocean City, Maryland, in the interest of
erosion control and hurricane protection, an 1,100 foot weir-

" extension to the North jetty is being proposed along with '
a 500,000 c.y. deposition basin as shown on Figure 3.. The
purpose of this system is to trap sand eroding from Ocean
City's beaches for use as periodic nourishment -to maintain

the beaches after they are widened by an initial beachfill
operation. This system operates as a "back-pass" system in
that sand will be re-cycled along Ocean City's beaches. The
periodic nourishment requirements for Ocean City's beaches' .



is estimated at 100,000 c.y. per year. Since the annual fill-
ing rate of the deposition basin is estimated to be greater
"than 100,000 c.y. per year, there is thé potential for sand
being available for by-passing to the Northern end of Assa-
teague Island.

Accordingly, in the engineering plan developed for erosion
control and hurrican protection for Assateague Island for

. the National Park Service, it is recommended that sand be-

- by-passed from the deposition basin to the Northern end of
Assateague Island to accomplish a portion of the periodic
nourishment requirements for Assateague Island. In the event
the engineering plan for Assateague Island, as developed by
the Corps of Engineers for the National Park Service, is not
authorized and constructed, but the Ocean City plan is author-
‘ized and constructed with the weir-jetty and deposition basin,
an amount of sand should still be available for periodic by-
passing to Assateague Island-if desired. Detailed study is
needed to determine that actual amount of sand that will be
available. : '
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APPENDIX B

EXCERPTS FROM THE
. SHORE PROTECTION MANUAL, VOLUME II
U. S. ARMY COASTAL ENGINEERING RESEARCH CENTER
1977, Third Edition




APPENDIX B

The following are excerpts quoted from the Shore Protection
Manual, Volume II, U. S. Army Coastal Englneerlng Research
Center, 1977, Third Edltlon.

5.6 GROINS
5.62 DEFINITION

. A groin is a shore protection structure designed to build
a protective beach or to retard erosion of an existing or
restored beach by trapping littoral drift. Groins are usually
perpendicular to the shore and extend from a point landward
of predicted shoreline recession into the water far enough
to accomplish their purpose. Groins are narrow, and vary
1n length from less than 100 feet to several hundred feet.
Since some of the littoral drift moves in the zone landward
of the normal breaker zone (for example about the 6~foot con-
tour on the Atlantic coast), extending a groin seaward of
that depth is generally uneconomical. The normal breaker
zone for the Gulf coast and less exposed shores of the Great
Lakes ranges from 3- to 4-foot depths; more exposed shores
of the Great Lakes approach the 6-foot depth. The Pacific
coast ranges from 7- to 10-foot depths depending on exposure."

"5.65 GROIN OPERATION

The typical groin, illustrated in Figure 5-8, extends
_ from a point landward of the top of the berm to the normal
breaker zone (for instance, the 6-foot depth contour on the
Atlantic coast). The predominant direction of wave attack
shown by the orthogonals will cause a predomlnant movement
of littoral drift."
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Figure 5-8., Illustration of a Typical Groin

b

|

" "5.66 DIMENSIONS OF GROINS ,

|

The length of a groin is determined by the distance to
depths off-shore where normal storm waves break, and by how
much sand is to be trapped. The groin should be long enough

. to interrupt enough material to create the desired stabiliza-
tion of the shoreline or accretion of new beach areas. Dam-
age to downdrift shores must be considered in determining
the groin length. For functional design purposes, a groin
may be considered in three sections: (a) horizontal shore
section, (b) intermediate sloped section, and (c¢) outer
section.” ’

"5.664 Spacing of Groins. The spacing of groins in a con-
tinous system is a function of the length of the groin and
_the expected alignment of the accretion fillet. The length

and spacing must be so correlated that when the groin is

B-2



"filled to capacity, the fillet of material on the updrift
side of each groin will reach to the base of the adjacent
updrift groin with a sufficient margin of safety to main-
tain the minimum beach width desired or to prevent flank-+
ing of the updrift groin. ...A4s a guide to the spacing of
groins, the following general rule is suggested: The spac-
ing between groins should equal two to threée times ‘the
groin length from the berm crest to the seaward end."
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SUMMARY SHEET*FORACOSTS FOR ALTERNATIVE METHODS‘
OF BEACH RESTORATION AND MAINTENANCE

This summary sheet has been prepéred_for use by the Coastal

Resources~kdvisory‘Committee (&RAC) group in selecting the two
or three beach restoration plans to be.studied in greater
detail by Trident in the-final phase of the project. .The
details for the altefnativg methods of,bsacﬁ restoration are .
contained within T;identds preliminary rébort; "Interim Beach
Maintenanqe at Oceah City", pages 44 to 77. Each alternate
method is referenced to.the specific page in the pfeliminary
report. Costs are expresséd in 1978 dollars with no allowance
fo: inflation. \They’can be considered as relative figﬁres

only.

A. Sand Replenishment

This method implies the pumping or hauling of sand of pfoper
grain size to the beach face from an "outside source". Pos-
sible sources are off-shore deposits or from Ocean City Inlet
or bays if sand is of proper grain size. (Referénce.- pPage 44 of

Preliminary Report.)

® Qﬁantitx‘- Requirement for initial beach profile of
a minimum 30—foo£ berm width is 1.5 to 2.0 million cu.

vd. Annual replenishment estimated to be 150,000 to

225,000 cu. yd./year.



® Costs — The cost for hydraulic drédging is estimated to
be approximately $4.00/cu.yd. which is based on the latest
(1978) costs incurred by the Corps of'Engineers for dredg-
ing 60,000 cu. yds. from the Ocean City Inlet with a 12"
section line dredge, piped 3/4 mile aiétance,’and placed
on Assaﬁeagué Islénd; ;pqrg§ voiume'dredgiﬁg has been bid
at lower costs to the Corps, ranging from $1.57 - $.77
cu. yd. for quantities in the range of 3.5 to 1.5 million
cubic yards. HbWeﬁer, it should be hoted that the costs
per cubic yard are eqtirely dependent upon the source of

the material and the distance that it is to be pumped or

hauled.
° Initial Costs — 1.5 million cu. yd.
@ $4.00/CU. Y31 et eeeriernenannn $6,000,000.00
° Annual Replenishment — 150,000 cu. yd. :
@ $4.00/cu.yd.....iieeeen.....$600,000.00

L4 Advantages of Sand Replenishment Method

. { ‘ e
1. It would increase the recreational beach area, and

present types of beach‘use could be continued with

.very ‘little interference.



‘o

2.

It would proVide a buffer to protect the backshore

from damage during a moderately severe storm (a 10-

year storm).

The plan corresponds with the probable Corps of

Engineers plan as it is basically the same as the

_ plans most seriously considered by the Corps for

recommendation (see Appendix A of report).

® pisadvantages of Sand Replenishment Method

1.

The plan dées not protect the backshore against a-
storm of medium severity or greater (lS-Yéar storm
or greater). This is'partiCuiarly true if only the

30-foot berm width were adopted.

The yearly maintenance figure for new sand required

to maintain the shore is uncertain. It might con-

 ceivably be much more (100% or more) than the 150,000

cu. yd./year estimate.

B. VeryﬁLong Groins

Stone groins, 800 to 1,000 feet long at one-mile intervals.

(Reference: Page 48 of Preliminary Repbrt.)



® Quantity — Eight groins would be required for thé ninev

ﬁiles of Ocean City beach front.

Costs — No actual costs are available for construction
6f groins of this size; :Howéﬁer, the 15th Stree£ 80-foot
"stone groin extension coﬁstrudted inv1978—79 at Ocean City
cost the city $77,000.00:to install themselves. These
cost figures were received in oral communication with

Mr. Leonard M. Larese—césanova of the Shore Erosion Con-
trol Program of DNR. The only commercial bid received
for this proposed construction was fdr‘$110,000 ($1i0,000
for an.80—foot stane groin would be $1,375 per linear foot).
- It is estimated that a 1,000-foot stone groin would cost
at least 275 times the lineal foot unit cost consi_;ﬁering'
the increased crdss—section.widths of the groin base and

a higher vertical profile that would be,needéd.for the
groin to functioncproperly in deeper water. Using the
unit cost of $i,375/lin. ft. x 2.5 as a c0nser§ation fig-
ure  for the’increased siée, a l,OOO—foot‘groin‘would cost
$3,438/1in. ft. or $3,43§,000. In additidn;»a total of
3,400,000 cu. yds. Qf;sandfill would be need to keep the
northerly end of each mile section from eroding; The cost
of dredging the sand from off-shore deposits is estimated
at-$4,00/cu._yd. for the 3,400,000 cubic yards.or

$13,600,000 for dredging.



DIEAGINg.«ruenensnenenesenesenanesnanss.$13,600,000.00
Construction of eight groins........... 27,504,000.00

Estimated Total COsSt..vceecevncnnnns +..$41,104,000.00

>

® Advantages of Very Long Groin Method

z

1. The erosion of the shore would probably be stopped or

reduced to a very low rate,
2. Maintenance costs would be low.

3. It would increase the recreational beach area and the
present types of beach use could be continued with

little interference.

4. The groins could be designed to‘prqvide recreational
fishing along the outer portions.

! £~
i

b Diéadvantages of Very Long Groin Method

1. It would have a very high initial cost.

2. It would not meld with the probable plan to be recom-

mended by the Corps of,Engineers;
N



3. It weuld permanentiy eliminate the passage of littoral
drift past ﬁhe north jetty. 'This could cbnceivably
benefit the navigetio; channel.in.the inlet but has a
high potential for continuing damage to Assateague

Island.

C. Long Groins

Groins 400~500 feet in length constructed of wood, metal,

or stone. (Reference: ‘Page 50 of Preliminary Report.) ‘

"Quantitx — 32 groins would be required with a spacing of ‘

approximately four groins per mile. ’

® Costs — The construction of long groins would be higher

in linear feot costs than the short groins presently built
‘at Ocean City as the extra,length would require working in
deeper water, out to about theer foot contour. The latest
coSt figﬁres'11978)‘for.a 201-footegroin'consﬁruction at
Ocean City was $58i604-00 including engiheering design
($292.00 per linear foot) . Assﬁmieg a 50% increese for

the longer groins in deeper water, this would amount - to

$438.00 per linear foot. A 500-foot groin would thus cost



N

apﬁroximately $219;000- Thirty-two groins wouldvbe needed
to maintain the prdper spacing withiﬁ the eight miles of
beach in need of protection — 32 k $219,0QO = §$7,008,000.
For maximum and immédiate protection,\the groins should

be filled with sand. It would require approximateiy 2.0
million yd? td £ill all eight groins. Dredging from off-
shore deposits @ $4.00 yd?® for 2.0 milliﬁn yd3 =
$8,00Q,OOO. |

Dredging..esecsurrreesasncansaaseasssaass$ 8,000,000.00
Construction of eight groins............ 7,008,000.00

Estimated Total COSt..e.veeceeeoeenere..$15,008,000.00

Advantages of Long Groin Method

1. An assumed permanent solution to thé shore erosion prob-

lem would result. ' .

2. Groin maintenance costs under normal conditions would

be moderate, assuming-well¥constructed groins.

3. Beach maintenance costs would be moderate as the groins

would act to retain most of the beach sand in its own .

-

beach combartment.



4. The recreational area on the beaches would be increased
and the present type of beach uses could be continued

with little interference.

5. Protection against 10-~year storms would‘be‘attained over
all the shore face and for 25-year or greater storms for
"those portions of each compartment which happenéd to be
widest when the storm struck. (Normally, this widest

. portion would be the southerly part of each compartment.)

6. The plan would be compatible with the Corps' probable
plan. ' ’

® Disadvantages of Long Groin Method

1. The initial cost would be high.

2. Much of this plan might be accomplished at State expense
before the Corps began work, in the event that the Corps

selects the same plan.

3. The,paSSage'of littoral driftito the scuth past Ocean
City would be essentially eliminated. This could con-
ceivably benefit the ﬁavigation channel in the inlet,
but has a high potential for continuing damage to

Assateague Island.



4. A large storm (50-year storm or greater) might, in one
event, pull® enough material out into deep water off-
shore to leave the beach faée'again'eqused to wave

damage. Replacement of this sand might be necessary;

D. Short. Groins

Groins 325 feet in length’. (Reference: Page 55 of Preiim.inary

Report.) ' ;

° . . . 14 : . , .
Quantity 47 groins total 19 new groins pLu; extension
to 325 feet to the 28 existing groins. .

® Costs — Using‘the 1978 construction costs of $292.00 per

" linear foot for the 201-foot groiné most recently built at
Ocean City, it is estimated that a 325-foot groin would
increase the linear foot cost by 15% or $336/1in7ft. For 19
new groins, this amounts to $2,074,800. Extension of 125
feet to the existing 28 groins Qould'be approximately
51,176,000,00,»To ensure. proper protection to the shore
front, beach fill of approximately 1.5 ﬁillion cu. yds.
should be added, same as for the sand replenishment method.

At $4.00/cu. yd. x 1.5 million yd3® =.$6,000,000.00.

DreAging. - cereensannnneennn- e S $6,000,000.00
Construction of 19 new groinsS.......«. .. 2,974,800.00



® Advantages of Short Groin Method

125" ektension to 28 -existing groins.....$1,176,000.00

Estimated Total COSte..eeeveeersnveanesse$9,250,800.00

1.

It would increase the recreational beach area, and pres-
ent types of beach uses could be continued with very

little interference.

It would provide a buffer to protect the backshore frem.

damage during a moderately severe storm (a lO-yeaf storm) .

The plan would be compatible with the probablé Corps of

Engineers plan as it is baéically the same as the plans

presently receiving_the most consideration by the Corps.

The rate of annual beach nourishment would be reducéd to
possib1y~one-ha1f of that required under the beach replen-

ishment plan alone.

The groins would reduce localized erosion fluctuations

below the fluctuations which could be expected with sand

replenishment alone.

® Disadvantages of Short Groin Method:

1.

The plan dces not protect the backshore against a storm

of medium severity (4 l5-year storm or larger).

- =10~



2. The first cost is considerably more than for the "sand
replenishmént alone" plah due to the cost of,28 groin

extensions and 19 new groins. -

P

3. A severe storm (25-year storm or greater return fre-
quency) might severely_erbde the shore facq and neces-
sitate -a massive sand replenishment program.

2

. BE. Bulkheads

Short pile bulkhead without rock toe protection for interim
protection. (Reference: Page 58 of Preliminary Report.)

\

® Quantity - Variable distance, dependent upon the struc-
tures that are intended t0~be,proteCted; Assume 6,100
lihear feet for boardwalk'area planned for bulkheading in

Corps'plan.

® g9§5§ — The Corps plan (Appendix A of Preliminary Report)
has 10, 20, 50, and lOb-year hurricane protection and ero-
sion control plans. Iﬁ oral communication with Corps
personnel, their 10-year plan calls for a 6,100 linear
foot bulkhead with rock toe and concrete cap for the
boardwalk section at a total cost of $2,598,000.00 or
$425.00/1linear foot. The current cost estimate is

$13.00/sg. ft. for steel sheet pile bulkhead without

\



the rock toe and concrete cap. Using this figure for the

interim bulkhead, which should be a minimum of 14 feet

high, results in a linear foot cost of $182.00. Assume

6,100 feet of bulkhead x $182.00 = $1,110,200.00.

"'Advantages of Bulkhead Method

1.

There would be very little disturbance of the existing

beach  uses.

First cost would be much lower than the costs of a num-

ber of the other possiblé plans.

\

Maintenance costs of the bulkhead would be low, presum-
ing that the bulkhead was constructed of material of
suitable strength and durability. Reinforced concrete
piling is probably a suitable candidate for this adapta-

tion.

‘Some of the frontage in the boardwalk area may already
1

‘be protected by a bulkhead of sufficiently rugged design

so that new bulkhead construction along these frontage

sections would not be required.

The present shore processes in the area would not be

distrubed, thus the action would not have an adverse

effect on Assateague Island.

-12-



® DpDisadvantages of Bquheadeethod

1. The bulkhead alone would not preVent further degradation

of the beach in front of Ocean City.

2. If steel sheet piling wére selected for the Eﬁlkhead con-
struction material, coatings would have to be appliéd and
aggressively maintained on any exposed portion of the
Steel. »

3. The plan does not fit well into the probable Corps of
Engineers blah except for the boardwalkjarea.'
/

F. Partial Bulkhead Plan

(Reférence: Page 62 df Preliminary Report.)

® Quantity — Quantities to be determined as needed for the
protection of ‘individual sections.
\ ’

® Costs — Same as for bulkhead method.

® advantages of Partial Bulkhead Method — Same as for the

bulkhead method, plus the following:

l. Only those sections of the bulkhead most needed would
be constructed before the Corps of Engineers plan was

undertaken.

C=13=



° Disad&antages of Partial Bulkhead Method — Same as for the .

bulkhead method, plus the following:

1. A degree of Qlertness on the part of the public officials

would be needed in order to detect promptly any new beach =~

frontage which needed bulkheading.

2. A flexible budget would be required to ensure that new

‘bulkheading needs would be promptly funded.

G. Seawalls

LY

More massive structures than bulkheads and placed lower on

the beach face.

. ® Quantity — To be determined as required for maximum protec-

tion of property.

® Costs — Dependent upon size and type of material used in

construction but ranging from $2,000 to $10,000 per front

foot.

H. Revetments

4

Blanket of various types of material laid on the beach and
covered with sand on the lower part of the ‘section. meﬂmxmce:

Page 64 of the Preliminary Report.)

-14-



® Type — A revetment (European technique):éonsisting of rock
and asphait masﬁic (a mixture of sand, mineral fiber, and

. asphalt) was installed in Michiganz/,Report on this project

states that thebrevetment’performeﬁ well‘in the one year

since its construction. No other data available.

® Cost — The revetment instalied_in Michigan cost $71.00 per
linear foot on a 24-foot width of beach. Due to the nega-
tive visual aspects of a re#etment strﬁdtur¢10n the Ocean
City beach, further cost analyses were not made for total
or partial coverage af the beach front. See disadvantages

listed below.

® Advantages of Revetmeﬁt Method

1. The normal shore processes are not disturbed to any great

extent by the presence of the revetment.

2. The initial cost'of construction would be significantly

t

N
t

less than some other methods of ‘shore protection.

3. The loss of sand from the upper beach face is greatly
reduced by the révetment; the need for periodic replen-
ishemnt of sand to the upper beach face would be greatly:

lessened.

_1‘5_



® pisadvantages of Revetment Method

1. The reVetment is. vulnerable to rapid spreading of damage
and failure unless frequent containment walls are pro-

vided.

2. The surface of the revetment is not adapted to ordinary
beach uses unless provisions are made to cover the revet-

ment with sénd.

3. The revetments do not proteét the backshore from damage

during major storms.

\

I

-I. Intermittent Revetments

Same as preceding plan. (Reference: Page 67 of Preliminary Report.)

\ .
\ A}
® Advantages of Intermittent Revetment Method — Essentially

. the same as the full revetment method, plus the following:

1. Only those sections of revetment most needed would be
constructed before the Corps of Ehgineers plan was

undertaken..

® Disadvantages of Intermittent Revetment Method — Essen-

tially the same as for the full revetment method, plus the

following:

-16~



1. A degree of alertness on the part of the public offi-
cials would be needed in order to detect promptly any

new beach frontage which needed revetting.

2. A flexible budget would be required to ensure that the

need for new revetments would be promptly funded.

3. Adequate wingwalls would be needed at the ends of the
segments of revetment to ensure that the material is
not lost from behind the segments when under storm wave

attack.

~

\

J. Segmented Off-Shore Breakwaters A

St;ucture off-shore to-break the wave energy. (Reference:

Page 69 of Preliminary Report.)

® Quantity - See 'page 69 of Trident's Preliminary Report for-

.possible locations. \

. Type - There are numerous types of breakwaters ranging

N

from simple wire-covered stone mounds to massive steel

reinforced concrete structures.

® Costs -.Méy range from a 1ow at $250.00 per linear foot
to over a thousand dolla;s-per linear foot dependent upon
material used in construction, size of structure, and depth

. of water in which placed.

-17-



® Advantages of Segmented Off-ghore Breakwater Method

1.

The erosion attack of the waves on the shore would be

greatly reduced.

There would be comparatiVely little sand lost from the

‘nearshore and beach area even during storms of consider-

able magnitude.

surf conditions would be reduced, but not eliminated,

on the Ocean City beaches; thus surf bathing could be

enjoyed more days per year than at present.

Yearly maintenance costs would be low if the breakwaters

were properly designed and constructed.

® Disadvantages of Segmented Off-Shore Breakwater Method

1.

2.

3.

There would be very little sand moving south past the
present north jetty which could ultimately reach the
eroding shores of Assateague Island. The blocking of

the sand would have a beneficial effect on the inlet

‘navigation channel.

The first costs would be rather large.

The structure would.bénefit the probable Corps of
Engineers plan but would not be an essential part of

this Corps plan.

__18._



K. Novel Breakwater Units

Same purpose as outlined in preceding segmented off-shore

breakwater method. (Reference: Page 73 of Preliminary Report.)

® Types — Several types investigated were:

° A breakwater which consists of automobile tires
bolted together and either left to float in waves'

or are anchored to the bottom;

°.A breakwater which consists of a series of steel
slats mounted on a triangular-shaped-steel "A":

frame base;

° A breakwater éompqsed of Z—shapea concrete units
bolted together to form different lengths of break-
waters.

Based on previous tests; none of the above appear to be
suitable for the Ocean City beach protection plans. One
uni£ that has béen successfully tried in other areas of
" shallow water is the Longard Tube. This consists of a
plastic tube four to six feet in diameter filled with sand.
It may be worthwhile tortry on an experimental basis at

Ocean City.

® Costs — Prices range ermi$25.00.to $90.00 (1975 prices)
per linear foot, dependent upon source of sand to fill the
plastic tube and other installation factors. Mobilization |

costs are extra.

-19-



No advantages or disadvantages are listed as tHiS system has
not yét been proven to be able to determine its usefulness

at Ocean City.

- Sand Back-Passing

_Trapping sand at the down-drift end of littoral drift, such as at

the.north jetty of Ocean City, and then pumping or hauling the
sand baék to repienisﬁ the beach area. This method could be

used_to maintain the beach once the proper beach‘croéstection
is established such as outlined:for paragraph A., "Sand Replen;

ishment". (Reference: See page 74 of Prelimindry Report.)

'® Type — Use of the preSent north jetty to trap and impound

littoral drift sand. Hydraulic dredging to pump sand back

_to northern eight miles of beach.

® Quantity — 150,000 yd® pumped onto beaches from impound-

ment.

o 9955_4- Dredging costs have previously been estimated at
$4.00/yds based on a reasonable-distance of pumping or -
hauling the sand to the beach areés. Distributing the.
dredged sand over an eight-mile section of beach woulé
possibly increase the $4.00/yd3 cost w;en it is obtained

from one central location instead of from off-shore sites

closer to the beach areas.

-20-



Dredging..ceeerceecoeaennns ieieenns $600,000.00
15% additional for extra costs....... 90,000.00

Estimated Total CoSt.eeveevrecenesess.$5690,000.00

® Advantages of Sand Back-Passing Method

1.

It would possibly maintain the, K beaches in their present

position unless a major storm stuck the area:

It would not interfere with present uses of the beaches.

Maintenance of the inlet navigation channel would be made

‘easier.

® Disadvantages of Sand Back-Passing Method

1.

It would not significantly improve the present condition

of the beaches. [

The sand transportation costs from the inlet to the
northerly few miles of'beaéhes might be rather high due

to the distance involved.

The sand would permanently be denied to Assateague

"Island.

-21-



M. Bulldozing

Pushing sand from lower section of beach at low tide level
onto upper portion of beach. (Reference: Page ‘77 and pages 33-

34 of Preliminary Report.)

® Costs — According to Ocean City officials, bulldozing
costs were $465,315.00 for the winter period 1977-1978.

The quantity.of sand bulldozed was not known.

® Advantages of Bulldozing Method

1. Gains protection of beach for a short period of time
against a forthcoming storm. If storm is of short

duration) beach will be maintained until next storm of

a longer duration..

® Disadvantages of Bulldozing Method

1. A temporary measure lasting only between storms that
‘have sufficient intensity to last through two high

tide cycles.

-22-
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1.0 INTRODUCTION

This report has been prepafed by Trident Engineering Associates
of Annapolis, Maryland, for the Energy and Coastal Zone Admin-.
istratibn 0of the Department of Natural Resburces (DNR) , State

of Maryland, contract no. C15-79-440. This.is the final report
for this ptoject. A preliminary repoft was prepared on July 19,
1979 for presentation to the Coastal Resources Advisory Committee
(CRAC) ahd DﬁR. A summafy sheet consisting ofleétimatéd coéts
for alternatiVe methods of beach restoration and maintenance

was. prepared on July 25, 1979 for presentation to the CRAC group

and DNR representatives at a meeting held on>July 30, 1979 at

Convention Hall, Ocean City, Maryland.

Trident Engineering presented thé findings of the preliminary
report énd the summary sheet to the CRAC group and DNR repre-
sen;atives at_the Ocean‘city meeting. They selected three
alternative measures to be studied in‘greatér detail; the

details of these are contained in this report.



2.0 PURPOSE AND SCOPE OF STUDY

Trident Engineering was contracted by the State of Maryland,
Department of Natural Resources, to perform a study to evaluate
éxisting information and techniques relating to shore erosion
control and beach maintenance. The.purposé of the study is to
assist the State in developing an approach fof beach maintenance
at Ocean City that could be implemented on an interim basis
priorbto the establishment éf the U; S. Army Corps of“Engineers
project. The Baltimore District, U. S. Army Corps of Engineers
éroject,'"Plahs of Improvement for Beach Erosion and Hurricane
,Protection‘from\Ocean City Inlet to Maryland-Delaware Line", is
not anticipated to be implemented for five to ten years from

this date.

As stated in the contract for this'érojecf, this is a study
".f.to evaluate existing information and techniques for shore
,erosion\control and beach maintenance which are applicable to
Ocean City...". ' The sCope\bf this contrac£~did not pérmit
field measurements to check the accuracy of available data.
Consequently, when performihg the analyses and developing the
plans déscribed in this report, thé'assumption has been made
that the available data was sufficiently accu;ate for Pse in

the analyses. This is considered a reasonable assumption.

This data consists méinly of shoreline and off-shore depth



referenced to their sources.

changes as computed from beach profiles performed by the U. S.
Coast and Geodetic Survey and thé,U. S. Army Corps of Engineers
for the years 1850, 1929, 1947, 1965, and 1979. Other data

and the estimated costs contained within this study are

!



3.0 SELECTED ALTERNATIVE METHODS FOR BEACH RE'STORATION_

\

The three alternative methods for interim beach restoration at

Ocean City evaluated by this report are:

° Short groins (groins between +250 to 350 feet in length) ;
° Long groins (groins between $400 to 500 feet in length);

° Beach fill, or sand replenishment.

3.1 HYDROGRAPHIC DETAILS

To determine the proper length and profile for the recommended
groins, it is necessary to define the water depths and beach

and bottom profiles from the dune line out to about the -8 foot
or -10 foot mean low water (MLW) depth. AVeragé profiles from
the dune line out to the -10 foot depth were established from
the 1965 and 1979 surveys made by the Baltimore District of

the U. S. Army Corps of Engineers.

In all, four average profiles were established for the northerly
eight miles of Shoréfront,4consistiﬁg‘of'two”average profiles

for each of miles 2-5, and for miles 6-9 (see Figure 1).
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The two average profiles established for each m%leage section
consist of one profile from the 1965 and one profile from the
1979 Coxrps of Engineeré surveys. To obfain each average pro-
file, the mean high water (MHW) position on each profile was
assumeq as zero point, and all profile points were referred

to as bein§ SO many feét seaWard,'or shoreQard, of ‘the zero
point. To compare the profile shapes, all four average prb-
files were then plotted with the MHW point as a common start-
ing.point. In actuality, the 1965 MHW point is 32 feet seaward

~of the 1979 MHW point, as the average erosion of the MHW contour

has been 32 feet over the l4=year interval, 1965-1979.

dn'each profile, distances from the zero point MHW were deter-
mined to the "crest of dune", to the MLW point, and to the -4,
-6, -8, and -10 foot MLW points. 1In cases where a swale or
sand bar was located offshore caﬁSing é selected depth point
(say -4 feet) to appear more than once on the profile, the most
\seawérd'point was used in deriving the>average. ‘The "crest of
dune" measurement required some judgement in selection and,‘
'generally, the most seaward prominent break in the profile wés

used, which was not alwasys the highest point shown on the pro-

file.



The locations of the -4 and -6 foot depths afe‘of_the most
intereét since these are the depths planned for the short and
long groins réspectively. The'disfance from the_MHw point “to
.where the profiles crosses the -4 and -6 foot depth are out-

lined below: | / |

1965 SURVEY

Distance from Miles - Miles Miles 2-9
MHW Point . ' 2-5 6~9 Average
To -4 foot depth 200 feet - 238 feet 219 feet

To -6 foot depth 392 feet 324 feet 358 feet

1979 SURVEY

Distance from Miles Miles 4 Miles 2-9

MHW Point 2~5 ) 6—9 Average
To -4 foot depth 172. feet 65 feet 119 feet
To -6 foot depth 262 feet’ 282 feet 272 feet

Recapitulating the average figures for the eight miles, 2-9,

we find: )
{ .
Distance from _ : ‘
" MHW Point : 1965 ' 1979
To -4 foot depth 219 feet 119 feet

To -6 foot depth 358 feet - 272 feet
‘ : )

-

‘ - : ,
These figures show the migration shoreward of the offshore con-
- tours in the 1965-1979 interval, as reported in Trident's Pre-

liminary Report dated July 19, 1979. In this migration, the

'
y



—4 foot contour has move shoreward an averagévof 100 féet, and
the -6 foot contour an aVerage of 86 feet when feferenced to
the relative location of the MHW line. However, it should be
noted that the actual éverage movement shoreward over the four-
teen years, 1965 to 1979, was an additional 32 feet, as the
MHW line has retreated shoreward an average of 32 feet between

 1965 and 1979.

3.2  LENGTH OF GROINS

In view of the changes between 1965 and 1979, a decision was
needed as to which set of depth points, l965 to 1979, is to
govern the selection of the length of the groins. The use of
the 1979 distance of 119 feet for the short groin (to -4 fdot‘
depth) would result in a groin possibly too short to effectively
retain the sand between the groins. The -6 foot depth distance
(272 fet) in 1979 is only 53 feet seaward of the -4 foot depth
distance (219 feet) in 1965. Thué,‘a design based on a groin
‘extending 215 feef‘from the MHW point could be considered as a&
"short" groin based on the 1965 survey and a "long" groin based
6n the 1979 survey. In view of the above analysis, the foliow—
ing is recommended té be adopted as the distance from the MHW

point to the seaward end of the groins:



MHW to Seaward End

For short groins — 215 feet
For long groins — 350 feet

The 350 feet for the long groins is the average 1965 distance

from the 1965 MHW line to the -6 foot MLW depth in that year.

3.3 BERM HEIGHT

The QQtermiﬁétion of the.berm height is importaﬁt as it controls
the elevétion of the inshore horizontal section of the groin. The
berm is normally.placed at'the elevafioﬁ 6f the'uppef limit of
wave run-up accompanying moderate storms, not.seVe:e storms.

A study of the profiles of 1965 and 1979, particularly those
in‘Mile 1 north of the jetty wﬁich have not been disturbed by
buildozing, indicates that the natural berm elevation is about
+10 feet MLW. Maﬁy of the profiles show some elevations above
+10 feet; however, to set the groin elevations (up to 15 or 16
feet) would not be advisable as the.groin crest would then, in
many cases, form an obstruction to persons walking along the
upper part of the beach. Also, these higher élevationé seem

— in many cases — to be dunes éreated‘by wind action rather
than the true berm created by wav¢>action. In view of the con-
ditions as described above, &10 feet MLW will be used AS the

berm elevation and the shoreward horizontal section of the berm

is recommended to be set at that elévation.

-9-



3.3.1 Slope from MHW to Beach Berm and "Working" Length

7

From MHW up to the seaward edge of the berm, the groin is
usually constructed on a slépe to conférm‘to the natural beach
slope. An anlysis of the position of the seaward edge of the

" berm iﬁ the northerly eight miles of the shore indicétes that
the average sloée.of this section of the beach (MHW to crest

of berm) is very close to 1 on 10. Adopting this as the designb

slope and recognizing the differencé in elevation between the
MHW line (+3.5 feet MLW) and the berm at +10 feet MLW (a dif—
ference of=6¢5 feet), the sloping section of the groin would

end at a point 65 feet shoreward of the MHW point on thevpfo—

file.

The "working" length of the groih is considered to be its leﬁgth'
from this seaward edge of the berm tc its seaward end. For the
recommended groin lengths previously discussed with the additional

length to conform to the sloping contour "working" lengths, the

groins are recommended to be:

Working Length of Gfoins

Short groins — 215 + 65 = 280 feet
Long groins - — 350 + 65 = 415 feet

-10-



3.4 GROIN SPACING

1

The "Shore Protection Maﬁﬂal" (See‘Appendix B of Preliminary
Report) recommends that the spacing of the groins be_twokto
three times the working length of the groin. Usihg-thé higher
fiqure, the‘groin spacing (and number reéuired for eight miles

of fxbntage) would be:

° Short groins — 280 x 3

840 feet .(50 groins);:

1245 feet (34 groins),.

]

° Long groins ~ 415 x 3

It should be recognized that the 28 existing groins in the

northerly eight miles can probably be modified by extending
-themlin length:and be used as part of the number of groins

needed under either of these two plans.

3.4.1 Length of Shoreward Horizontal Section

[

The beach between two adjacent groins can be expected to orient
.itself to a position parallel to the wave crests‘arriving at
the béach. This will cause the beach to @e widerxr agaiﬁst one
groin than it is at the other . At Ocean City, the wave actioﬁ
can be expectedlto produce a "wide" beach at the southerly end
of a groin pocket, and a "thin" beach at the hortherly end.
The design of the groins, then, must ensure that the wide beach

is contained at the southerly end and that the thin beach at

-1 1-



. the northerly end still has sufficient width to provide some
degree of storm protection. (Note: A series of storms out of the
south would piobablg reverse the alignment‘ih.beach orientation between
the groins, but the deéign which follows automatically provides for this

condition.)

The critical factors in determining the "offset" in the beach
between the north and south end of a éﬁoin pocket is the dis-
tance between the étoins and the stable angle of beach alignment.
This anglé is\verj difficult to compute with assurance but can
readily be measured if a local sand impoundment condition‘exists.
Such a condition exists north of the ﬁbrth Jetty at Ocean City.
Measurement of the filled impouhdment north of the jetty indi-
cates an angle of about 6° as the stable angle. For the recom-
mended groin spacings, the "offset” width of the beach between

two groins would (with tan 6°.

= 0.105) be:
° Short groins — tan 6° x 840 = 90 feet;
° Long groins = tan 6° x 1245 = 130 feet.

These two figures show the magnitude 6f the beachv“offset" align-
ment within the pocket between two adjacent groins. ' If we assume
that the thin side of the pocket should not be seaward of the

existing position of the beach face, then enough beach fill must
be placed inside the pocket to provide the "offéet" indicated.

f

-12-



Additionally; the horizontal berm section of thé groin must
extend_Seawérd a sufficient disfance‘to contain this offset.
Thus, the +10 feet horizontal “shore section of the groin must
extend seaward at the +10 feet elevation by 90 feet (for the
short gro%n) and i30 feet (for the long groins) from the exisf—
ing position of the crest of the Berm. Also, this section of
the groins should extend shoreward from the crest of the’berm a
suffiéienf distance to p;eﬁent flanking of the groin during a
storm event. The shoreward extension from the crest‘bf the berm
should be at least 50 feet unless the shoreward end is pro-

tected by a bulkhead.

3.5 GROIN PROFILE: SHORT GROIN

With.the information previously devgloped, it is now possible

to construct the groin profile. The only feature remaining

to be selected is the elevation of thé crown elevation of.thé
seaward horizontal section of the groin. The "Shore Protection
Manual" indicates the seaward horizontal séction of low groins,
which are the type being considered for Ocean City, should have
an elevation that will permit‘overtppping by storm waves or

by waves at high tide. Thus, the elevatign of the ‘groins shoulé
be at or near the elevation of MHW, which is +3.5 feet MLW. . In

order to be sure that swimmers, boaters, or surfers can see the

groins under most tidal conditions, it would seem reasonable to

-13-



place the crown of this outer, section at about +4.0 feet MLW,
which 'is one-half foot above MHW. The use of this higher eleva-
tion (+4.0 instead of say +2.5 feet MLW} will also make construc-

tion easier.

The short groin profile based on the above calculations is shown
in Figure 2. The overall length of the groin (allowing a 50-foot
penetration inshore from the crest of the berm) would be 330 feet.

The 90-foot seaward extension of the +10 ‘foot horizontal sec-
. tion may appear unnecessary; however, it is very much needed
if the thin section of the trapped beach is to be maintained

at least at its present location. N

3.6 GROIN-PROFILE: LONG GROIN

The profile of the long groin is almoét identical with the pro-
file of the short groin (Figure 2) except that the long groin
extends seaward an additional 135 feet. Thus, the overall
iength of the long groin is 465 feet compared to 330 feet for
the short groin. Also, the long groin requirés a further exten-
sion seaward of the +10 horizontal shore section, 130 feet as
contrasted to éQ feet for the .short groin. This additional
40-foot extension of the berm. section is due to the wider spac-

ing of the long groins, but does not change the seaward position

of the long groin.
-14-
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Overall Groin Lengths

.Iength* Length

of Horizontal length - of Horizontal Total

Berm Section of Sloping Seaward Section Groin

at. +10'ft. MIW Section at +4 ft. MW Iength
Short Groins 140 ft. 65 ft. 125 ft. 330 ft.
Long Groins 180 ft. 65 ft. 220 ft. ¢ 465 ft.

*This length includes the 50-foot shoreward extention to prevent
flanking of groins.

3.7 FILLING THE GROINS

Filling the groins is the process, natural or man-made, by which
the areas between adjacent groins are filied with sand to estab-
lish the designed beach condtions in each beach pocket betweén'
adjacent groins., As previously discuésed, the beach pockets
between adjacent groins will tend. to align themselvés at about

a 6° angle with the presenﬁ sﬂoreliﬁe. If no new sand is piaced o
in £he pocket, the beach will tend to rotate horizontaily about
a point midway between adjacent groins. This rotation will
result in the "thin"‘end of the pocket (probably the north end)
eroding back into the shore in sﬁch a way that the crest of |
the berm will.retreat landward about one-halﬁ of the "offset™
distance. The distance of erosion is calculated to be about

45 feet for the short groins and 65 feet for the long groins.

-16-



This amount of erosion would probably cause some damage to the
backshore, even under nonstorm conditions, and would probably

permit'severe‘damage under storm conditions. This type of dam—

age can be avoided by:

Building the éroins successively, starting at the south
end of the beach and not bulldlng the second groin until
the first groin had filled with sand from littoral drift,

and not building the third groin until the second groin

had filled, etc.;

Artifically filling the groin pockets with the required

amount of sand as soon as each adjacent groin is built.

The first method would permit an average of about three long
groins to be built each year, or about eleven years to complete
the installation of the 34 groins. A somewhat shorter time

(probably seven or eight years) would be reguired for the pro-

gram of 50 short groins.

Under the artifical filllmethod, the groins could be constructed
as rapidly as practicable provided the beach pockets bétween
the groins were filled with sand immediately following construc-
tion. Using the average beach profiles and beach fill cross-
section for the 1979 contour: (as shown on Figure 2), the est1;

¢

mated fill needed for each éroin pocket is:

-17-



° Short groin - 20,120 yd? f{total for 50 groins = 1,006,000 yd?3);
° Long groin - 45,027 yd3 (totél for 34 groins - 1,531,000 yd3).‘

(Note:. Figure 2 shows the cross-section of sand fill for the short and long
groins that would be contained on the filled side of the offset. The
average amount of sand contained within ‘each groin pocket would be’
less than depicted in the drawing.) ’

3.8 GROIN CONSTRUCTION ' o

Groins are usually constructed of wood sheet piling, steel piling,
concrete piling, or quarry stone. There are certain parameters

of limitation for each type material as described below.

® Wood Sheet Piling

Generally a satisfactory material if the piling has been
.treated properly against marine borers and is properly
designed to withstand the differential pressures due to
the sand line standing highér on one side than thé other
side, and also to withstand the differential wave pres-

sures caused by waves approaching at an angle.

(

® Steel Sheet Piling

Has a considerable strength advantage over wood piling,
but has a severe rusting problem in salt water areas

{except in cold water). Coatings to prevent rusting are

-18-
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needed in temperate and tropic waters, and the maintenance
of these coatings is very difficult at the sand line in

the surf zone.

Concrete Piling

Concreté piling (which alwayé‘requireé reinfdfcement) suf-
fers from fa;igue‘cracks caused byithg constant bending
baékgand forﬁh of the piling under»ﬁaVe attack.' Unless
Very massive pilings are used, these fatigue cfacks will
develop sufficiently to permit the salt water to penetrate
and rust out the reinforcing steel. This failure mode éan

be prevented by properly prestressing the piles.

-

Quarry Stone

‘This is a suitable construction material but possibly has’
a higher initial cost than"the other material, although
if properly designed, will have a low maintenance cost.

Three features of design are necessary:

1. The armor stone and underlayer stone must be of proper
mass and shape to desist displacement under severe

storm waves;

2. An impermeable core must be provided to prevent the

movement of sand through the groins; and

-10-



3. A bedding layer, or filter layer, must be placed under

<

the structure to prévent the core material and quarry

stone armor from sinking into the bottom.

3.8.1 Groin Construction Features -

The construction features of typical groins are shown on Figures
. 3 through 6. These piates are copied from the "Shore Protection

Manual® of the Corps of Engineers.

i Fiéure 3. shows a timber pile groin at Wallops Island,
Virginié, which is Similar in construction design to the
groins recently constructed at Ocean City. The size and
penetration of both the sheet piling énd the éupporting
round - piles would have to be designed against local. con-
ditions, considering both the differential sand loads and

differential wave loads.
® Figure 4 shows a cantilever steel sheet pile groin. Note
that stone is used to help support the piling ana that

this piling is in the fresh waters of Lake Michigan.

® Figure 5 shows a prestressed concrete sheet pile groin

alongside a pier in the Los Angéles area.

-20-



® Figure 6 shows a quarry stone (rubble-mound) groin on Long
Island. Thié particular groin &oes not have the profile
recommended for Ocean City but does have the same construc-
t%on features. Assuming a storm surge elevation of 3.5,
feet and a tide elevation of. +3.5 feet MLW, the depth at
the outér end of the long groin could be in the order of
17 feet during a Severe storm. This depth would permit
waves as hiéh as 13.5 feet to‘break against the outer end
of the groin. Assuming a 1 on 2 side slope and a stone
.dgnéity of 165 pounds pér £t3, this would require a armor
N
stone with an average weight of 10 tons on the head of
the groins. On the trunk of the groin, the armof‘stohe
would have to be only seven tons.near_the oufer end and
one ton near thg MLW .line. For the short groin, the
stone oh the outer ehd should weigh about five tons.

(Note: =~ These stone tonnages are intended for general guidance

only and are not intended to be a definitive final design.)

3.9 BEACH RESTORATION

!

For beach restoration by the sand fill or sand replenishment‘
method, it is assumed that an increase in berm width of 30 feet
at the +10 foot MLW elevation is needed and that sand placement

on a slope of 1 on 20 would be required seaward of that point
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as is shown on Figure 2. This restoration corresponds almost
exactly to the beach restoration after the 1962 storm and the
| fill itself could be. expected to-érovide protection against a
storm with é recurrence level of abouf one in ten years. No
supplementary raising of the dunes behind the +10 foot MLWvberm
- is contemplated as most areas already have elevations up to
+13 feet MLW or more. This plan is in{general agreement with,

but not as extensive as, the plans that may be recommended by

the Corps of Engineers.

The plan envisioned above would require the placement of about.

61.0 yd? per foot of beach based on the 1979 beach profiles
.'furnished by the Corps of Engineers. This would involve the

placement of 2,577,000 yd? over the northerly eight miles of

the Ocean City frontage.

It should be recognized,that it is not possible to prediét
accurately the movement of this fill after placement. The con-
'siderable deepening of the waters at the -10 foot MLW depth,
which has taken place over the past 50 years and appears to be-
continuing, might result in a significant movement of the sand
£ill out into deeper wéter. Thus, possibly a short segment

of the sho;e, say one-half mile, should be subjected to the
~-sand £ill method before proceeding with a plan for the entire

eight miles of shore.
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4.0  LEVEL OF PROTECTION '

4.1 GROINS

/

The groins themselves without sand fill between adjacent groins
'will not provide any appreciable degree of protection (see sec-
tion 3.7,vFilling'the“Groihsy. After the groins are filled,

the following levels of protection are anticipated:

® Short Groins

On the wide ehd of the sand fillet, an added protection
of‘approximately an eighﬁ-year storm severity can pe
expected over existing conditions of the shore front at
‘the time the groins are installed and filled. In the
middle of the-pocket, the added yéars would be about four.
At the thin edge of the fillet, no,additionai protection
would be'added to the existing‘protection. If the fillet
was parallel to the shore, the added protectioh would be H

about four years overall.

® long Groins ' ,

In the manner described above for short groins, the long
groins would provide an additional 12 years.of storm
severity protection over existing conditions at the filled

(wide) end of the fillet, about six additional severity

-27-



years in the center, and no additional protection over
‘ ;

and above existing conditions at the time of construc-

tion at the nafrow (thin) end of the fillet. Whenever

the fillet was aligned parallel to the‘shore, the added

severity yéars would be about six.

4.2  BEACH FILL

The added level of protection from the beach fill or sand replen-
ishment would protect against a storm with recurrent intervals
-of abou£ ten years over the level of protection of the shore
front at the time this alternative was implemented; e.g., if

it can be assumed that the pfesent‘shoreline is adequate to
profect against a‘storm with a recurrence or frequency of about
ten years (a 10-year storm), then the total protection with
sand replenishment would provide protection'against a 204year
stornn (N&te: It is not known what the present level of protectién is for
therpan'City shore frontf Determinatioﬁ of this factor reqqires an extenf
sive amount of on-site survey work which is beyondlthe scope of this study

and is not documented in existing studies.)
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5.0 COSTS OF ALTERNATIVES

5.1 INITIAL COSTS

5.1.1 Timber Groins

In the Preliminary Report summary sheet, the 1978 construction
costs reported for a 201-foot fimber groin built at Ocean City
was $292.00 per linear‘foot; From rough estimate costs received
from Edwin A. and John O. Crandell; Inc., West River, Maryland,
a contractor Qho has pre?iouSly ébnstructed groiné at Ocean
City,va 1979 c§st factor was guoted at apprOXimétely $380.00
per linear foot for a short groin, and $468.00 per linear foot
for a long groin. Thus a short groiﬂ'of 330 feet in overall
length'wouldic03t an estimated $125,400.00) and a long groin
“0of 465 feetadvérall length would cost $217,620.00. The above
price estimates were based én the construction of a groin as
depicted on drawing né. 3 of the "Plan and Elevation of Pro-
posed Timber Groin at 34th Streeﬁ; Town of Ocean City, Worcester
County, Maryland";'dated August 1976, from the files of the
Shore Erosion Control Program of DNR. It should be noted that
the proposed short and long groin profiles may not match that
previously uséd for Oéean City groins which could §ary the
linear foot cost if the proposed»g;oin required more or less

material or different cross-section sizes.

o
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Mr. Crandell expressed his concern about damage to the seaward
end of a groin if it exceeded 250 feet in overall length. He
recommended building a double wall groin approximately eight

feet wide and‘filling the space between the groins with sand
topped with stone. He recommended the double section of the
@roin extend from the MHW line out to the seaward end. This
would double‘thé cost for a groin for 215 feet of the short

groin section, and 350 feet for a long groin (between MHW and ;
seaward end), or a total cost for a short double grbin of

$207,100.00 and $381,420.00 for a long double groin.

Recag

® sShort Groin - 330' long x $380.00/ft. = $125,400.00 ea.

50 Short Groins Needed for 8-Mile Section

22 new groins @ $125,400.00 ea. = '$ 2,758,800.00
Extension of 129' to 28 existing groins
@ $49,020.00 ea. = 1,372,560.00

$ 4,131,360.00

Double Section Short Groins

22 new groins @ $207,100.00 ea. = $ 4,556,200.00
Extension of 129' to 28 existing groins ' _
@ $98,040.00 ea. .= 2,745,120.00

$ 7,301,320.00
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® Long Groin — 465' long x $468.00/ft. = $217,620.00 ea.

34 Long Groins Needed for 8-Mile Section

17 new groins @ $217,620.00 ea." $ 3,699,540.00

i

*Extension of 264' to 17 existing groins
@ 5123,552.00 ea.

2,100,384.00
$ 5,799,924.00

Double Section Long Groins

17 new groins @ $381,420.00 ea. $ 6,484,140.00

*Extension of 264' to 17 existing groins
@‘$247,104.00 ea.

4,200,768.00
$10,684,908.00

*Due to the wider spaciyg of the loné groins, it is estimated that only

17 of the 28 existing groins could be extended in length and maintain
the proper spacing between groins.

Note: The length for extension of both the short and long groins was
figured from the seaward ends of the existing groins rather than
from the MHW line to allow for existing conditions, assuming the

present groins are properly constructed from their seaward end
to the MHW'1line. :

$5.1.2 Stone Groins

vThe only recent stone groin construction‘cbst estimaté avail-
able within tﬁg general area of Oéean City, other than for the
80-foot stone groin extensions that the city, itself, had con-
structed, was done by the Philadelphia District of the Corps

of Engineers. The Operations Division of the Philadelphia Dis-
trict quofea the following’figuresjthat they used this year

(1979) for a proposed stone groin at Cape May, New Jersey:
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® Material and labor cost estimate per tonnage
of stone ~ $35.00/ton

® Tonnage required per cu. yd. of groin - 2 tons/yd3

The Philadelphia District believes that the groins at Ocean City

and Cape May are close enough in overall size, tonnages, and

design characteristics that the cost factors would be appli-

cable in either location.

Using the Corps of Engineers cost estimate, the cost of short
and long groins, based on the design characteristics given in

sections 3.8 and 3.8.1, are:

‘ Short groins at 330° 1ength with a lO' width crown
and end cap - Total volume pf.2232;88 yd?® from
the various sized cross sections _ ,
2232.88 yd? x 2 tons/yd3 x $35.00/ton = $156,302.00 ea.

!

- The short groins would thus cost an estimated
$473.64 per linear foot. . '

50 Short Groins Needed for 8~Mile Section

22 new groins @ $156,302.00 ea. $ 3,438,644.00

Extension of 129' to 28 existing groins

@ $61,100.00 ea. 1,710,800.00

$ 5,149,444.00
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® Long groins at 465' length with a 10' crown and
a 15' crown for the last 50' seaward end
to accommodate the 10-ton stone size and
end cap - Total volume of 4697.7 yd?
X 2.0 x $35.00

$328,844.00 ea.

$328,844

PPTT =or~- $707.19/1linear foot

34 Long Groins Needed for 8-Mile Section
17 new groins @ $328,844.00 ea.

Extension of 264' to 17 existing groins
@ $186,698.00

$ 5,590,355.00

3,173,869.00
$ 8,764,224.00

The Philadelphia District stated that they normally use a 2.0
ton per yd? for planning purposes (as was used for the above
calculations). However, for actual construction projects, a

1.7 factor can sometimes be déed. If cohstrﬁctipn of stone
groins-at Ocean City is contemplated by the State, i£ may be
found that a bidding contractdr could construct the.groins at

a rate closer to the 1.7 than the 2.0 factor. This would reduce
the cost of a short groin'by $23,445500 each, or $132,857.60
instead of $156,302 each; and a long groin from $328,844.00

to $279,513.00 or a differenée of $49,331.00 each.

The actual costs bid for a job will depend upon several vari-
ables such as the total number of groins to be built by a single

contractor, time and date limits imposed, methods of material
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haul (water, rail, or road), mobilization costs, etc. As these
are unknown for this estimate, the 2.0 factor was used to com-
pute the cost of construction on a maximum scale rather than a

\

‘minimum level.

‘One‘other area where a savings may be obtained 'is in areas where
there isva bulkhead that the groin can be tied into. The lengths
of both the long and short groins include a 50-=foot secfion for
tieQin to the dune that would not be needed whe;e a bulkhead

exists.

5.1.3 Cost of Filling Groins o

In section 3.7, it was stated that the groins couldvbe filled
either from iittoral drift or by artifical means. 1If the
groins are built from south to north, one at é time, and the
second groin is not built unti% the first groin has filled,
the sand can be obtained from littoral drift; but the method
k‘will require a number of years before all the groins could be
installed. Using an artifical £ill method, the groins can be

constructed as rapidly as possible.

Assuming the groins were to be built as rapidly as possible,

sand fill would be reguired upon completion of each groin.
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>Also, assuming that no more thaﬂ ten groins per year could be
built due to weather and summe?\time use of the beach restric-
tions, a ﬁotal of 261,200 yd3 of sand would be needed for ten
short groins or 450,270 yd?® for teﬁ.loné groins. Based on pre-
vious hydraulicﬁdredgiﬁg costs'and-cost estimates froﬁ variable
séurces and quahtiﬁies té be dredged as ouflined»below, it is
estimated that it would cost approximatély $4.00/yd3 for sand'
in quantities less than 1.5 million yd" at one time. At $4.00/
yd®, the sand fill for ten short groins would be $804;800.00,

_and $1,801,080.00 for ten long groins.

The total costs for sand fill for all groins at $4.00/yd® would

be:
° Short Groins - 50 ea. with 1,006,000 yd? of sand - $4,024,000.00
° Long Groins - 34 ea. with 1,531,000 yd2® of sand - $6,124,000.00
This is assuming that the groins could not or would not be built
all at one time to téke advantage‘of‘a lbwer cu. yd. cost of
"hydraulic dredging. If, in fact, all groins were built.in the

same year, a lower unit cost of sand could probably be realized

as outlined in section 5.1.4 below.
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5.1.4 Beach Fill

In the Preliminary Report summary sheet for this study, the
cost fo; hydraulic dredging was estimated at $4.00/§d3. This
cost was based on theylatest figure from the Baltimore District
Corps of Engineers frdm a contract they let to dredge 60,000 ya3
from the dcean City Inlet in 1978. It was also stated in the
Summary shéet'that large volume dredging had in previous years
been:bid at-lower costs, ranging from $.77 to $1.77 for quanti-

ties of 3.5 to 1.5 million yd3.

The Baltimore District has previousiy made cost estimétes inde-
pendently fof fhe beach f£ill alternatives for their Ocean City
study. (The information sheet for this project is contained
inlApéendix.A of Trident's Preliminary Report.) The Baltimoke
District cost estimates for their beach £ill alternafives, based
on 1977 prices, for hydraulic dredging from offshore sources,

OB 1 and OB 2 (see Figure 7), and from Land Borrow are:

Hydrdulic Dredging Unit Cost
3.5 million vd3 2.5 million yd® 1.5 million vd3

Sand Source

oB1l 2.23 . 2.25 2.29

OB 2 2.93 2.96 3.23
Land Borrow : , :
within 10 miles 2.35 2.35 : 2.35

"The 1977 cost estimates did not include the OB 3 (Figure 7)

source, which is new source recently included in the Corps study.
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It is assumed that the OB 3 source costs would be slightly higher
than those listed for OB 2 due to‘the additibnal distance of

0.5 mile to pump or transport the sand.

The beach fill alternative, section 3.9, calls for placément of
2,577,000 yd3 on the northefly eight miles of shore front. There
are threé possible sourcés of sand for this meth&d, which are
identified in Figure 7. As can'be seen from this figure, any -
bne»of the three sources has adequate quantities to satisfy the
beach fill method. 1In practicaiity, a contractor would prpbably
use all three sites to pump sand to the shore front from the
- closest possible source to‘the different sections of the eight
miles of beach.- Aésuming this,van average figure for dredging
and élacing the sand on thé shore front for 2.5 million yd3® might
be in the range of $2.85/yd3, considering the extra distance
from OB 3 and that all eight miles of shore front. are to receive
an equal amount ©of sand from all sources. This figuré must, of
course, be escalated from the 1977 estimate‘to the year that

the dredging is to be accomplished. Using the average figure

of $2.85/yd? for planning purposes,‘the 2,577,000 yd3 needed®
for this alternative would thus cost $7,344,450.00.

As further identified by the Baltimore District Corps of Engi-

neers, the grain size of sand from the three sources, OB1, 0B 2,
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and OB 3, are comparable to the grain size of sand presently

found on the Ocean City beach.

The following table is an

extract of data furnished by the Baltimore District Corps of

Engineers.
GRAIN SIZE ANALYSiS - STATISTICAL PARAMETERS
'Composite Samples | Mean Sérting 16% | 84%
- From Ocean City in phi 12.02 0.96 |1.059|2.984
Beach A PO P e A
4 approx. mm size |0.25}" 0.5. [0.48 [0.13
in phi 1.83 1.00° [0.826}2.832
oBl = o= === - T -t - =
. approx. mm size |0.28 0.5 -)0.56 |0.14
in phi 2.04| 0.62 |1.428|2.661
OB 2 - —_—— - = =~ = - — 4 - — — A F— — + — —
: approx. mm size |0.24 0.65 10.37 |0.16
in phi 0.94| 0.82 |0.118]1.757
OB3 P e e e e e e — “—-‘_——“'——"”f‘
- .| approx. mm size |0.52 0.56 |0.92 |0.29
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6.0 MAINTENANCE COSTS

6.1 BEACH FILL ALTERNATIVE

\

It is estimaﬁed that it will require approximately 150,000 yd3
per vear to maintain the shore frqnt to the level achievedvunder_'
the beach fill alternative for protection against a 1l0-year
storm. This quantity is considered an average’annual require?
ment that would be needed reéardiess of storm frequencies or

intensities.

Any large storm (+10—yeér intensity) will reduce‘the beach width
andAcause a loss of sand from the shore front out into deeper |
water. Normally, soﬁe of the sand lost tokdeep Qater from a
storm will be retﬁrned to the beach dﬁring periods pf calm

: we?ther. The amount of sand permanently lost to deep water from
a storm would, of course, vary with the storm's intensity. The
amount of replenishﬁent needed to reétore_the beach to its orig-
inal form would, therefore, vary, and this quantity is not con-
_taihed within tﬁe estimated normal annual replenishment -amount
of 150,000 yd? per year.

As the annual‘replenishment quantity is not large:enough to enjoy
a reduced unit cost price, it is estimated at $4.00/yd? for

dredging ahd,placement on the shore front.
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Annual Maihtenance Cost: Beach Fill

150,000 yd3 x $4.00 =  $600,000.00

6.2 GROINS

The use of groins will provide a wider beach which will not
require as large a quantity of géplenishment sand to maintain
-the shore front. It is estimated that after the groins are
initially filled, apprbkimately 75,000 yd3 sand would be
required on an annual ‘basis to maintain the beach width
achieved under_thé long or short groin method. The 1on§
éroins would require a slightly less amount; but for planning
purpoées, 75,000 yd?® is estimated for repleﬁishment requife—

ments for both systems.

Annual Maintenance Cost: Groins ,

75,000 yd® x $4.00 = $300,000.00

6.3  SUMMARY OF COSTS

" The following initial construction costs and annual sand fill
maintenance costs are listed for direct comparison. The cost-
ing methods and assumptions are as explained in the pertinent

sections of the text above.
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® Timber Groins

1.

Short Timber Groins

50 Short Groins

22 new groins @ $125,400......... e ccenaeen $ 2,
129' extension to 28 groins @ $49,020...... 1,
Sand fill -for 50 short groins (page 35).... 4,

758,800
372,560
024,000

Estimated initial cost, 50 short timber..

QGroinS.icevececccsce $ 8,

Annual cost to replenish sand (page 41)....5%

Double-Section Short Groins

22 new groins @ $207,100....c00ccvenceestes$ 4,
129' extension to 28 groins' @ $98,040...... 2,
Sand fill for 50 short groins (page 35)...; 4,

155,360

300,000

556,200
745,120
024,000

Estimated initial‘cost, 50 double-section

short timber groins...... $11,

Annual cost to replenish sand (page 41)....$

Long Timber Groins

34 Long Groins _

17 new groins@ $217'620....l‘l.’..l......‘s 3,

264' extension to 17 groins @ $123,552..... 2,
Sand fill for 34 long groins (page 35)..... 6,

325,320

300,000

699,540
100,384
124,000

Annual cost to replenish sand (page 41)....$%

—-42=-

Estimated initial cost, 34 long groins.....$11,923,924

300,000



Double-Section Long Groins

34 long groins

17 new groins @ $381,420cc..cncecvecncncnns $ 6,484,140
264' extension to 17 groins @ $247,104..... 4,200,768
Sand fill for 34 long groins (page 35)¢.... 6,124,000

Estimated initial cost, 34 double-section
long groins........ $16,808,908

Annual cost to replenish sand (page 41)....8% 300,000

'® Stone Groins

1.

Short Stone .Groins (from section 5.1.2 Stone Groins)

50 Short Groinsv

22 new groins @ $156,302. ... 00t iieccnnncs $ 3,438,644
129' extension to 28 groins @ $61,100...... 1,710,800
Sand fill for 50 short groins (page 35).... 4,024,000

Estimated initial cost, 50 short groins....$ 9,173,444
Annual cost to replenish sand (page 41)....$ 300;000

Long Stone Groins {(from section 5.1.2 Stone Groins)

34 Long Groins
17 new groins @ $328,844....c00cervecacessss$ 5,590,355

‘264' extension to 17 groins @ $186,698..... 3,173,869
Sand fill for 34 long groins (page 35)..... 6,124,000
Estimated initial cost, 34 long groins.....$14,888,224

Annual cost to replenish sand (page 41)....§ 300,000
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® Beach Fill

Initial Cost:
2,577,000 yd3 @ $2.85/yd3.......... e $7,344,450

Annual cost to replenish'sand.....;.........;.$ 600,000
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7.0 . IMPACT ON SEDIMENT MOVEMENT

7.1 BEACH FILL

The "beach fill only" alternatiﬁe would certainly not decrease
the present rate of litﬁoral drift moving south into the Ocean
City Inlet complex and may even increase thgirate'due to the

toe of thé beach slope being in deeper water than at présent.
Thus, it is estimated that this plan might have‘a negative

effect 6n the inlet navigation channel by increasing the shoal-
ing rate. However, it would not have a‘morelsignificant effect

- on Assateague Island than presently exists due to the inlet and
jeéties and could — if it increases the rate of littoral’drift;—
ultimately have a slightly benefiéial‘effeci on Assateague Islénd

by providing more sand which could be bypassed across the inlet

to the Island.v

7.2  GROINS

Both ‘groin plans Woﬁld possibly have a beneficial‘effect on
‘the navigation channel as they are estimated to reduce‘ﬁhe rate
of littoral drifﬁ in the order of 75,000 yd3 per year. At the
same time, this same reduétion.in littoral drift rate — if it
took place — could have a detrimental effect on Assateague
Island by.prpviding less sand which could be bypassed across
the inlet to the Island's shore front.
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It should'bevrecognized that the use or nonuse of the three
alternatives will havé'essentially,no efféct, pro or con, on -
'Assateague Island so long as the navigation channel is main- |
tained at a lO-féot depth or more and the dredged sand from
 the charnel is placed somewhere other thaﬁ on éhe north end
of the.seaside beach of Assateaéue Island. Even if, énd when,
placed on th;s north end beach, the sand so placed will lose
much of its effectiveness unpil such time as the south jetty
is raised sufficiently to prevént the sand from moving back

across the south jetty into the inlet.
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8.0 CORPS OF ENGINEERS PLANS .

The Baltimore District Corps of Engineers "Plans of Improvement
for Beach Erosion and-Hurricane‘Protection from Ocean City Inlet
to Maryland-Delaware Line" presently cqnsist df the actions whigh
are briefly described below, to allow an analysié of compatibility
with the alternatives presented in this report. Complete details
of the Corps plans are contained in Appendix A of Trident‘s Pre-

liminary Report for this project.

® Storm or Hurricane Protection Plan

° Widening_aﬁd raising the beach (by sand‘replenishment)
along the entire reach from 10th Street to the Maryland-

Delaware line.
° Creating a dune line (by sand replenishment)} from the

end of the boardwalkrto the Maryland-Delaware line.

° Constructing a steel sheet pile bulkhead from the end

. of the boardwalk to several blocks south of 10th Street.

This, plan has four levels of storm protection where "widen-
ing.and raising the beach" would vary- the beach width to be
provided dependent upon whether it was to be builtfup for

storm protection ofva'100, 50,.20, or lo-yeér storm.
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® Beach Erosion Control Plan

The Corps studied four other plans which would provide

for beach erosion control only, no storm or hurricane
prbtection. These plans consisted of widening and rais-
ing the beach to fbur different levels. Thére would be

no bulkheading and no construction of a dune line.

Both plans will require periodic replacement of sand to

the beach front of approximateiy 100,000 yd3'per year.

In addition to the plans outlined above, the Corps is also
studying a "Sand Back-Passing/By-Passing System at Ocean City
Inlet". This system incdrporates the use of a jetty to create

a deposiﬁion basin to trap .sand eroding from Oceaﬁ City's beach.
- The trapped sand coﬁld then be used to nourish ﬁhe Ocean City
beach by pumping the sand back (sand back—passing) or to nourish
the northern end of Assateague Island (sand by-passing). The
“details for this(plan‘are contained in Enclosure 1 to Appendix A
of Trident's Preliminary Report of July 19, 1979 for this

project.
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9.0

RELATION OF ALTERNATIVES TO CORPS OF ENGINEERS PLANS

Beach Fill Alternative

The "Beach fill only“‘alfernative coincidesﬂdirectly with
the Corps plans. This'is parficularly true for the Corps
plah for protection against a>storm wiﬁh an expecteq recur-
rence interval.of 10 years-(a‘lo—year storm) as this altef—
native and the l0-year sfo;m Corps plan are essentially

the same. The "beach fill only" alternative would also

fit in with all the other Corps plans as all Corps con— .
Ccepts-involve placing sandfill on the shore to an extent
equal to or greater than the alternative of this report..
Whatever sand was on the beach at the time the Corps
project was being installed would act to reduce the sand-
fill requiréd~uhder the Corps‘plan and théreby reduce)
somewhat, the local (state, cou;ty, or.city) share of the

overall project cost.

Groin ‘Plans

The statements made above relative to the "beach fill onlj“

alternative apply equally to long groin and to short groin

alternatives. 1In addition, both groin plans could be -
expected to reduce the yearly sand maintenance costs by

about one-half if the Corps adopts its present 1l0-year
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storm plan. Some reduction in maintenance might be

effected also for the 2Q—year storm plan: ‘However, the
Corps p;ans for 504year and 100-year plans wquld prob-
ably not be affected noticeably by the groins as the
inner ends of the groins would be buried by the fill

being placed on the shore face.

The>beach fill crosé—section.recommended in this study as shown
in Figure 2 was derived from the plan of beach restoration.
‘designed and used by the Corps of Engineers following the great
storm of_March, 1962. This design was for a lo?year storm and
is documented in Appendix 6-7 to the Corps of Engineers report
on the 1962 storm entitled, "Operation Five-High", dated August
1963, of which this study follows almost exactly the minimﬁh
allowable section fdr'lo—year storm prétection. In view of

the fact that Trident's task was to consider interim beach main-
tenancevmeasures.for Ocean City, the "minimum" 10-year storm
section, which uses a 30-foot Wide berm at +10.0 f£t. MLW rather
than a‘widér berm, of say 50 feet, waé‘considered the most appro-

- priate plan.

-50—,



10.0 PRIORITY AREAS

The detection of the beacﬂ areas needing attentien on a priority
basis involves-not only a study ofvthe offéh&re hydrdgraphy and
. the location and heiéht of the crest of the berm (or the dunes) ,
but also a study of the relation of the‘shoreline buildings

with referencé to.these other features. A comprehensive study,
including the location of the buildings, the depth and type of
the building foundations, and the location aﬁd typel(including
penetration) of any proteﬁtive bulkhequ, would have to be made_
before a reliable selectién of priority shore-afgas*could be
made,4 Such a study is beyond the scope of the present investi-
gatioﬁ. It is possible, however, to‘giﬁe an inaication as to
where‘the priority areas might be located by examining the off-
shore hydrography and the locatidn of the MLW line with reference

. to the survey base line.

One indicétion of'possibie priority need is to'compare the: dis-
‘tancés on the 1979 surVey profiles from the MLW line to the

-4, thel—6, and the -8 foot MLW points on the prbfileg. The
closer in shore £hat these contours are located, the greater
would be the tendency for further erosion. The following tab-
ulation gives these distances, though it is to be notedAfhat

a number of profile points aré missing at the -4 and -6 foot
depth points due to being omitted on the 1979 Corps survey.

Al
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ESTIMATED PRIORITY AREAS
(DISTANCES ARE FROM MEAN LOW WATER TO MOST SEAWARD .
INTERCEPT OF THE STATED DEPTH POINT ON THE  PROFILE,
DISTANCE MEASUREMENTS ARE FROM. THE CORPS OF
ENGINEERS 1979 PROFILES.)
Nearby | Profile [Base Line|Mean Low| -4 Foot | -6 Foot | -8 Foot
Street Number to MIW. Water Point Point Point
10th 6 540 ft. 0 40 £t. | 160 f£t.*| 360 ft.
15th 8 |415 ft.* 0 40 ft. | 70 £t.*|120 ftr.*
20th 9 1420 ft.* 0 55 ft. 65 ft.*| 315 ft.
25th 10 450 ft.* 0 60 ft. | 345 £t. | 365 ft.
{Note 1)
32nd ro13 670 ft. 0 N N 230 ft.*
41st 15 750 ft. 0 345 ft. | 445 ft. 5457ft.
48th 17 690 ft. 0 N N N T
56th 19 1750 ft. 0 N 310 f£ft. |350 ft.
66th 21 800 ft.- 0 150 ft. | 250 ft. |350 ft.
76th 23 640 ft. 0 N 270 £t. |290 ft.
86th 25 580 ft.*[ 0 45 ft. | 260 ft. |280 ft.*
PP 114 27 610 ft.* 0 N N 270 ft.*
PP 124 29 640 ft. 0 N N 290 ft.-j
Crropper 31 590 ft.* 0 N 325 ft. }370 ft.
PP 141 33 700 ft, 0 40 ft. | 175 Et.*)215 ft.*
Roosevelt 35. 750 ft. 0 30 ft. N N
| Maryland-
Delaware 37 760 ft. 0 25 ft. N N
Line : .
Notes: (l) The baseline shifts westward. from the Boardwalk to Philadelphia
Avenue between profiles 10 and 13.
(2) The letter "N" indicates that this part of the proflle was not
shown cn the drawl.ngs
(3) The """ mark indicates the shortest four or five distances in
' each depth category. None are shown for 4-foot depth.
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Actually, so many points were missing at the -4 foot depth
elevatiqn that no dssignmeht of priorities was attempted. At
the -6 féot depth elevation, three of the four shorteSﬁ dis~
tances were in Mile 2 (at profiles 6, 8, and 9) between about
10th Street and 20th Street. The fourth shortest distance was
at PP 141. For the -8 foot depth contour points, thé'shortest
distance was at iSth Street; the second at PP 141; and the

third, fourth, and fifth were at 32nd, PP114, and 86th Streets.

The significance of the abové measuremeﬁts is difficult to
assess, and this analysis should not be intefpreted to carry

'a recommendation that work be undertaken first at the indicated
locations. A more detailed analysis, as previously indicated,
‘would have to be made before any firm recommendations could be

made as to priority locations.

~
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11.90 CONSTRUCTION OF GROINS OR BEACH FILL AT PRIOQRITY AREAS

11.1 - ISOLATED GROIN FIELD
\ -

The use of an isolated set of gfoins.to reinforce a thiﬁ sec~-
tion of the shore at a "pfiority area" has a severe drawback
~in that the set ofvgroins will tend to cause erosion south of
the most southerly groin. Thus, if-é set of groins wére‘ -
installed to protéct, say Mile 6, theﬁ the shore front of Mile

5 would tend to erode severly unless the groins were filleq

;when constructed. Thé downdrift erosive effect can be greatly
curtailed by filiing groins when constructed; however, even

When the groins are filled, the disturbance caused by thé groins
to the normal travel patterns of the littoral drift might result
in some erosion downdrift. _Thefe have been probosals that this
"downdrift erosion could be avoided by ﬁaking the one or two

most southerly groins of shorter lehgth (both offshore and on
the seaward end of the horizontal berm section) than the other
groins. ;However, no design guidance isjavailable for this pro-
posal and this type of action would be in the nature of an
experiment. (See section 3.7 for the recommended number of
groins for the Ocean City shore front and séquence»of constrﬁc—

‘tion.)
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11.2  ISOLATED BEACH FILL .

Beach fill can, of course, be placed where needed. ‘However,
isolated pockets of beach fill will tend to be dissipated rather
rapidly by the littoral drift carrying the sand to the south.
Hére the tehptation is to attempt to hqld"the isolated f£ill
‘with groins, but the most soﬁtherly groin could be expected

to cause erosion to the south by stopping ﬁhe littoral drift.
As previously stated, there have been ﬁropoéals that this ero-
sion could be avoided by making the southeriy one or two groins
shorter in length ;han‘the other groins. Aiso as stated, no
design guidance is available for this pfopo?gl, and this type
of action would be in the nature of an expeéiment. Such an
experimen£ might be worthwhile, however, if a pressing need

deve}ops along a portion of the Ocean Citnyrontagé.

If the entire beach fill is placed over the northerly eight

miles of shoreras avcéntinuous operation, then it can be presumed
that each section of beach receives sand from the nofth and

loses sand'to'the south'in a more or léssVcontinuoﬁs"operation. )
Thus the need for groins to prevent erosion downdrift from a
beach sectioﬁ is eliminated. Tﬁé use of éroins with the beach
fill would, however, tend to stabilize the‘beach into a.uniform
condition and eiiminate the spot erosion which tends to develop

in an irregular pattern along the shore face.
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12.0 PREDICTED RESULTS

This report has developed in‘detail tﬁe three plans (short'
groins, long groins, and beach fill only)'selected for further
consideration a_nd develepment by state officials. The designs
and assessments given in thisfreport have followed closely the
standard practice as given in the "Shore Pfotection Manual"
prepared by the Coastal Engineering Research‘Center'bf the

U.. S. Army Corps of Engineers. This manual is internationally
accepted as being the most authoritative work dealinngith shore
processes and shore erosion control. The users of this report
should recognize; however, that the design of shére control
structures, including beach fill projects, is not an exact
science comparabie to the design of a bridge pf an offiee build-
ing. The natural forces along the shore-and'the effectiveness
of remedial works are not fﬁlly understood,<andvthe,resultS'

of installing_corrective measures may not match the predicted
results with a high degree of accuracy.. However, the plans
described in this report could be expected to have a marked
beneficial effeet on the Ocean City shore front in general

agreement with the predicted results.
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ADDITIONAL DATA FOR TRIDENT'S
- INTERIM BEACH MAINTENANCE AT OCEAN CITY REPORT

)

’

This "handout" has beén prepared for use by members of the
Coastal Resources Advisory Committee (CRAC) in their Octocber
5, 1979 meeting to review the proposed construction of groins
at Ocean Clty as an interim beach erosion control measure.

Trident previously studied alternative shore erosion control
measures that could be implemented by the State as an interim
measure prior to the time the Corps of Engineers plans will
be initiated. These alternative erosion control measures are
contained within our "Interim Beach Maintenance at Ocean City"
Preliminary Report dated July 19, 1979. The Ocean, Bays, and
Beaches Subcommittee and the Department of Natural Resources
(DNR) selected three of the alternative measures -~ long groins
(465 feet long), short groins (330 feet long), and beach fill
methods -- for further study, which are contained within our
Final Report dated August 30, 1979. From the presentation of
the Final Report on September 10, 1979, the selection was made
by the Ocean, Bays, and Beaches Subcommittee to recommend con-
struction of the short groins at Ocean City.

Since that perlod of time, the DNR has requested Trident - to
provide additional information COnSlStlng of:

1. Typical cross-sections of a conceptual ‘design of the
short stone groin;

2. Recommended locations and spacing of the short stone
groins on the Ocean City beach, considering use of
existing groins that can be extended to the recom-
mended length of 330 feet; '

3. Implementation plan or sequence of construction of
the groins over a five-year period of time with
estimated costs of construction.



1. CONCEPTUAL DESIGN OF SHORT STONE GROIN

The plan under consideration for adoption at Ocean City is
known as the "short groin" plan and is described in some
detail in pages 8-18 in Trident's "Interim Beach Maintenance
at Ocean City" Final Report, dated August 30, 1979. A sketch
of the short groin, as designed, and the estimated resulting
beach profiles is shown in Figure 1.

In reviewing this design, it should be recognized that the
design is based principally on two things:

° . The average beach profile in the area; and

° fThe "initiation point", the point of intersection
of this profile with the mean high water datum plane.

Thus, the outer end of the groin is set at a distance 215 feet
seaward of the intersection of the average profile with the
mean high water datum plane.

It also has to be recognized that the beach sections (or beach
fillets) between a pair of groins will, most of the time, not
-be parallel to the shore — as is explained on pages 11-13 of
the Final Report. This will result in the beach being wider
at one end (usually the south end) than at the other end by as
much as 90 feet. Thus, there are two beach profiles shown in
Figure 1: one profile for the "thin" portlon of the beach,

and cone for the "wide" portion.

At the time the groins are designed as a "final design", care
- must be taken in identifying the initiation point (the point
of intersection of the "thin beach profile" and the MHW line).
If the beach is deemed to be too thin with the existing condi-
tion of the beach at that time, then the initiation point must
be moved seaward the additional width needed and the groin
profile itself moved seaward this same amount.



2. LOCATION OF GROINS

On the Ocean City beach, there are presently 42 groins that
have been constructed during the past 56 years, from 1922 to
1978. = Of these 42 groins, there are 14 groins located in the
first mile of beach as measured in a northerly direction from
the North Jetty at the Ocean City Inlet. These 14 groins are
mainly buried under the sand of the shorefront. (The groin
located between 10th. and 1llth Streets is the only groin vis-
able at present.) The distance from the North Jetty at the
Ocean City Inlet to the groin located between 10th and 11lth
Streets is 26030 feet or #1.14 miles. The 1.14 miles of
shorefront contains an accretion of sand which has been built
up from the influence of the North Jetty since its construc-
tion in the 1930's.

For the proposed new groin placement, it is not recommended
that groins are needed in this first mile section of the
Ocean City beach. From the location of the groin between
10th and 11lth Streets to the Maryland—Delawaré line, it is
approximately elght miles. It is within this eight-mile
section that it is proposed that new gr01ns should be con-
structed to protect against shore erosion.

Groin Spacing

The "Shore Protection Manual" (see Appendix B of Preliminary
Report) recommends that the spacing of the groins be two to
three times the worklng length of the gr01n. Using the higher
flgure, the groin spacing would be:

° Short groins 280* x 3 = 840 feet

* For the 330-~foot short groin designed for Ocean City, 280 . .feet
of the total length is considered as its "working” length.

"If the groins were to be spaced at exactly 840 feet apart, 50
groins, would be needed to span the eight miles of shorefront.
Spacing the new groins to utilize existing groins where a

new groin could be built as an extension of an existing groin,
47 groins are recommended for this eight-mile section. As
can be seen in Figure 2, all existing groins that are within
+80 feet of the recommended spacing of 840 feet between groins
have been used as a location for a new groin. This slight
deviation from the recommended spacing utilizes all possible
existing groins that can be used as an extension.  As the



entire eight miles of shorefront is to function as a single
integrated groin field, the slight deviation of #80 feet for
a few of the groins from the recommended spacing of 840 feet
between groins is not considered a significant change to the
basic design.

To maintain the 3*840-foot spacing between the groins as close
to this distance as possible, three of the seven stone groins
that are scheduled for construction in 1979 should be moved
from their planned location by some #200 feet. These three
groins are presently scheduled to be placed at 125th, 83rd,
and 60th Streets. As noted in Figure 2, the 125th Street
groin should be moved +200 feet to the north to maintain the
proper distance from the existing groin at 128th Street. The
new stone groin at 83rd Street should also be moved %200 feet
to the north to maintain the proper spacing from the existing
groin at 9lst Street, and the new stone groin for 60th Street
should be moved $200 feet to the south. If these changes are
made, all groins as depicted in Figure 2 will then be within
80 feet of the recommended 840-foot spacing between groins,
and all existing groins that are within this interval of
spacing will be utilized for extension.

It should be noted that the locations of the existing groins

as shown in Figure 2 were derived from plans received from the
.Corps of Engineers and the Department of Natural Resources.
Field verification of actual locations of the groins was not
made. This drawing is for a conceptual plan only; and before
groin construction is started, a survey should be made of each
existing groin to ensure -that its location is accurate as shown
on this drawing and, most important, that the groin is struc-
turally sound and can be used for- the base of an extended stone
groin.



3. IMPLEMENTAIION PLAN . .

On pages 16-18 of the "Interim Beach Maintenance at Ocean City"
Final Report, the sequence of construction and the methods of
sand fill or placement of sand between groins in the "groin
pocket" are discussed. Briefly, this section of the report
states: .

I1f the groin pockets are not artifically filled
‘with sand at the time of construction, it will
-take probably seven to eight years of time to
construct all short groins. This is estimated
at the fill rate of some six groins per year.
This amount of time is needed to allow the groins
to fill with sand from the littoral drift before
additional groins are constructed. .

Using this method, some erosion may take place at
the north end of each groin pocket. Additionally,
a significant amount of the littoral drift sand
presently being passed along the shorefront would
be retained in the groin pockets and would thus .
be taken out of the littoral drift system that
deposits this sand in other locations along the
shorefront, including thé shorefront of mile 1,
north of the North Jetty at Ocean City.

The recommended method to prevent erosion in the
groin pockets and to not deprive the littoral
drift of significant guantities of sand is to
fill each groin pocket artifically at the time
of construction. This method will also allow
construction to proceed as fast as a contractor
can build the required number of groins per year.

Assuming that ten groins can be built each year and filled. at
the time of construction, the Ocean City groin system could
be completed in approx1mately five years.

As previously stated, groin construction should start at the
south end of the beach and proceed north. In the southerly
section of the beach, the first ten groins to be constructed
would be from 9th Street to 31st Street. In this section,
ten existing timber groins are properly spaced for use to be
extended by the new stone groins.



The first year's cost would thus be for ten stone groin exten-
sions to existing timber groins. The actual length of stone
groin needed as. an extension to an existing timber groin can-
not be accurately determined without a field survey and deter-
mination of the desired height of all groins for the Ocean
City beach environment. However, it is estimated that the
stone groin should be at least 129 feet long. This would tie
the stone groin into the timber groin approximately at the MHW
line of the "wide section" of the beach fillet. (see Figure 1).
It might be desirable to extend the stone groin further into
the shorefront, but this would need to be determined by field
survey and final design considerations.

The important factor would be to make certain that there is a
proper "tie-in" between the wood piling section and the rock
section. One way of doing this would be to consider the tim-
ber groin as a "center board" for a portion of the rock groin.
Under this concept, the rock groin would be brought shoreward
sufficiently to overlap the wood section for a distance-of 15
to 20 feet. The rock section in the overlap would be retained
at the same section as would be used if no wood groin were
present. The wood section would then be along the centerline
of the overlapping rock section. '

The rock section would, of course, be discontinued after the
15 or 20 feet of overlap had been obtained and the wood sec-
‘tion left to prov1de the remaining groin sectlon to the back
of the beach.

Groin Construction Costs

Estimated cost for a stone groin of the approximate size and
cross-section dimensions recomfmended for the Ocean City
environment is $473. 64/11near foot*.

* The $473.64/linear foot cost for stone groins is based on

an estimated cost of groins furnished by the Philadelphia
* Corps of Engineers.



1st Year Cost

Groins — Extension of 129 feet of new stone groins
to ten existing timber groins

$473.64 x 129 feet = $61,100.00 ea.

x 10 groins = $611,000.00

Sand Fill - 20,120 yd?® for each groin. pocket
" x 9 pockets of 10 groins = 181,080 yd3
X $6.00%*/yd3 = $1,086,480.00

TOTAL COST 1ST YEAR. ....vweesess.$1,697,480.00

2nd Year Cost

10 groins from 34th Street to north of Maryland
Route 90 location (see Figure 1). 1In this section
there is one timber groin and two (1979) stone groins
that can be used for extensions. Seven new stone
.groins would be needed. ' ‘

3 extension groins x $61,100.00 ea. =  § 183,300.00

7 new stone groins ($473.64 x 330 feet)
$156,301.00 ea. x 7

!

$1,094,108.00

Total for Groin_ConStruction.}...$l,277,408.00

Sand Fill — 20,120 yd?® for each groin pocket
" x 10 pockets of 10 groins = 201,200 yd?
x $6.00/yd3 : = $1,207,200.00

o

TOTAL COST 2ND YEAR. ..eeweonsesss$2,484,608.00

*%$6.00/yd3 cost for sand is based on September 1979 estimates
received from the Baltimore District Corps of Engineers from
their latest revision of their Beach Erosion Study. The
Baltimore office provided us a $4.00/yd3® cost based on their
1977 ddata which was used in our Final Report for this study.
Actual costs incurred at the date the dredging is to be
accomplished may vary considerably.
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3rd Year Cost

10 groins from north of Maryland Route 90 location to 93rd
Street. 1In this section, there are four existing timber
groins and-two (1979) stone groins that can be used for
extensions. Four new stone groins would be needed.

6 extension groins @ $61,100.00 ea.A= $366,600.00
4 new stone groins @ $156,301.00 ea. =$625,204.00

Total for Groin Construction........$ 991,804.00

Sand Fill - 10 groin pockets = 201,200 yd3

x $6.00/yd>3 ©$1,207,200.00 °

TOTAL COST 3RD YEAR. . e v vuevnnennnnnn $2,199,004.00

- 4th Year Cost

10 groins from 98th Street to 128th Street. In this
section, there are two existing timber groins and
three  (1979) stone groins that can be used for

- extensions. Five new stone groins will be needed.

5 extension groins @ $61,100.00 ea.

$305,500.00

5 new stone groins @ $156,301.00 ea. = $781,505.00

‘Total for Groin Construction........ $1,087,005.00

Sand Fill — 10 groin pockets = 201,200 yd3
x $6.00/ydz

$1,207,200.00

TOTAL COST 4th YEAR..... cececeneeses$2,294,205.00



5th Year Cost

7 groins from north of 130th Street to the Maryland-
Delaware line. All groins are new stone groins.

7 new stone groins @ $156,301.00 ea. = $1,094,107.00

Sand Fill — 7 groins pockets = 140,840 yd?

x $6.00/yd> - = $ 845,040.00

TOTAL COST 5TH YEAR.:..evee.. ceeseres$1,939,147.00

Total Cost

Total costs for 47 groins and sand fill over five-
year period.

‘Groin Construction.....c...c.o.an Caess $.5,061,324.00

Sand Fill....eeeveoonovesnscsenesease$ 5,553,120.00
GRAND TOTAL..vceeveces. cecessaranes $10, 614, 444.00
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FINAL REPORT FOR ADDITIONAL DATA -
OF TRIDENT'S REPORT ON INTERIM BEACH MAINTENANCE
AT OCEAN CITY

The material presented within this report, less Figures 2
through 6 and the first paragraph of the-Preliminary Groin
Design section, was previously presented in a handout to the
Coastal Resources Advisory Committee (CRAC) on October 5,
1979. Since that period of time, Trident has prepared the
preliminary design cross-sections for the short groins,

which are included within this report as Figures 2 through
6. . :

Trident previously studied alternative shore erosion control
measures that could be implemented by the State as an interim
‘measure prior to the time the Corps of Engineers plans will
be initiated.. These alternative erosion control measures are
contained within our "Interim Beach Maintenance at Ocean City"
Preliminary Report dated July 19, 1979. The Ocean, Bays, and
Beaches Subcommittee and the Department of Natural Resources
(DNR) selected three of the alternative measures -~ long groins
(465 feet long), short groins (330 feet long), and beach fill
methods —-- for further study, which are contained within our
Final Report dated August 30, 1979. From th& presentation of
the Final Report on September 10, 1979, the selection was made
by the Ocean, Bays, and Beaches Subcommittee to recommend con-
struction of the short groins at Ocean City.
- Since that period of time, the DNR has requested Trident to
provide additional information consisting of:

1. Typical cross-sections of a éonceptual design of the
short stone groin;

2.. Recommended locations and spacing of the short stone
groins on the Ocean City beach, considering use of
existing groins that can be extended to the recom-
mended length of 330 feet;

/

3. Implementation plan or sequence of construction of
the groins over a five-year period of time with
estimated costs of construction.



1. CONCEPTUAL DESIGN OF SHORT STONE GROIN

The plan under consideration for adoption at Ocean City is
known as the "short groin" plan and is described in some
detail in pages 8-18 in Trident's "Interim Beach Maintenance
at Ocean City" Final Report, dated August 30, 197%. A sketch
of the short groin, as designed, and the estimated resulting
beach profiles is shown in Figure 1.

In reviewing this design, it should be recognized that the
design is based principally on two things: '

° fThe average beach profile in the area; and

° The "initiation point", the point of intersection
-of this profile with the mean high water datum plane.

» Thus, the outer end of the groin is set at a distance 215 feet
seaward of the intersection of the average profile with the
mean high water datum plane. .

It also has to be recognized that the beach sections (or beach
fillets) between a pair of groins will, most of the time, not
be parallel to the shore — as is explained on pages 11-13 of
the Final Report. This will result in the beach being wider
at one end (usually the south end) than at the other end by as
much as 90 feet. Thus, there are two beach profiles shown in
Figure 1: one profile for the "thin" portion of the beach,

- and one for the "wide" portion.

At the time the groins are designed as a "final design", care
must be taken in identifying the initiation point (the point
of intersection of the "thin beach profile" and the MHW line).
If the beach is deemed to be too thin with the existing condi-
tion of the beach at that time, then the initiation point must
be moved seaward the additional width needed and the groin.

. profile itself moved seaward this same amount. -

!

Preliminary Groin Design

Figures 2 through 6 are the five cross-sections which are
preliminary concepts of the Ocean City short groins. Short
groins were previously described in Trident's Final Report.



| CROSS~SECTIONS

Figure 2.......... Groin Head in -6 feet MLW

Figure 3.,.....;..Groin Trunk in -6 feet MLW

Fiqure 4.....0.... Groin Trunk in =3 feet MLW
Figure 5.......... Groin Trunk in 0 feet MLW
Figure 6...... e++.Groin Trunk in +3 feet MLW"

For all cross—-sections, the actual design water level was
assumed to be +3.5 feet additional for high tide, and +3.5
feet additional for the added storm surge; e.g., the design
water level elevation was 7 feet above mean low water. Use
of the +7 feet MLW would ensure that the groin would be stable
under severe storm wave conditions. For example, with an
assumed water depth of -6 feet MLW at the head of the groin,
the storm water elevation would be 6 ft. + 3.5 ft. + 3.5 ft.
= 13 ft. This 13-foot depth would permit a 10.l1-foot break-
ing wave to break on the head of the groin. Thus, the head
of the groin is designed to withstand a breaking wave of a
10.1-foot height. A stone weight of 165 lbs/cu. ft. has
been assumed for this design. The breaking height will be
less as the water depth decreases. For example, at the mean
low water beach line, the storm water depth would be 7 feet
and the design wave becomes 5.5 feet.

The question of whether or not to provide a walkway on the
gr01n should be left with the client. If a grouted walkway
is to be provided, then the middle stones on the crown could
be made smaller and the grouted mass used to provide the
needed weight and strength. The walkway could be used for
recreational fishing if the client desires this feature.

The crown width of the groin at each section is set to pro- -
vide three armor stones across the crown. Under this criter-—
ion, the section of the groin at the mean low water section
would be only six feet wide on the crown. This six feet
would not be wide enough to serve as a roadway for heavy
construction equipment. Thus, if a péermanent roadway (for
construction and maintenance) is desired on the groin, the
cross-section in certain sections of the length would have

to be widened to provide a w1der crown.



The selection of the bottom elevation of the groin would
require additional study before a final decision 'is made.
The elevation of the bottom should be set at the lowest
elevation expected at each groin's location during very
severe eroded conditions of the shore. For example, the
bottom profile at the end of the March 1962 storm might
serve as a basis for setting the bottom elevation of the
groin along its length. The bottom elevations shown on
‘the five cross-sections should not be used . as a final
design feature. This feature should be left to the
engineer making the flnal design for gr01n construction
and placement

Summary Statement

® The five cross-sections should not be accepted as final
designs; rather they should be used to indicate the
general features of the groin and provide gu1dance for
making initial cost estimates.

® The location of the groin, Figure 1, is shown with
reference to the average 1979 beach profile and the
intersection of the mean high water line with the
-beach profile. If, in the final design, a wider
beach is desired, then for specific groin locations,
the entire groin should be ‘shifted seaward to match
the new profile p051t10n.\

o



2. LOCATION OF GROINS

-~

On the Ocean City beach, there are presently 42 groins that
have been constructed during the past 56 years, from 1922 to
1978. Of these 42 groins, there are 14 groins located in the
first mile of beach as measured in a northerly direction from
the North Jetty at the Ocean City Inlet. These 14 groins are
‘mainly buried under the sand of the shorefront. (The groin
located between 10th and 1llth Streets is the only groin vis-
able at present.) The distance from the North Jetty at the
Ocean City Inlet to the groin located between 10th and 1llth
Streets is #6030 feet or *1.14 miles. The 1.14 miles of.
shorefront contains an accretion of sand which has been built
up from the influence of the North Jetty since its construc-
tion in the 1930's.

For the proposed new groin placement, it is not recommended
that groins are needed in this first mile section of the
Ocean City beach. From the location of the groin between
10th and 1lth Streets to the Maryland-Delaware line, it is
approximately eight miles. It is within this eight-mile
section that it is proposed that new groins should be con-
structed to protect against shore erosion.

Groin Spacing

The "Shore Protection Manual" (see Appendix B of Preliminary °
Report) recommends that the spacing of the groins be two to
three times the working length of the groin. Using the ‘higher
figure, the groin spacipg would bhe: '

‘

°© sghort groins 280* x 3 = 840 feet

* For the 330-foot short groin designed for Ocean City, 280 feet
of the total length is considered as its "working" length.

If the groins were to be spaced at exactly 840 feet apart, 50
groins would be needed to span the eight miles of shorefront.
Spacing the new groins to utilize existing groins where a

new groin could be built as an extension of an existing groin,
47 groins are recommended for this eight-mile section. As

can be seen in Figure 7, all existing groins that are within
+80 feet of the recommended spacing of 840 feet between groins
have been used as a location for a new groin. This slight
deviation from the recommended spacing utilizes 'all possible
existing groins that can be used as an extension. As the

5.
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entire eight miles of shorefront is to function as a single
integrated groin field, the slight deviation of #80 feet for
a few of the groins from the recommended spacing of 840 feet
between groins is not considered a significant change to the
basic design.

To maintain the #840-foot spacing between the groins as close
to this distance as possible, three of the seven stone groins
that are scheduled for construction in 1979 should be moved
from their planned location by some +200 feet. These three
groins are presently scheduled to be placed at 125th, 83rd,
and 60th Streets. As noted in Figure 7, the 125th Street _
groin should be moved %200 feet to the north to maintain the
proper distance from the existing groin at 128th Street. The
new stone groin at 83rd Street should also be moved *200 feet
to the north to maintain the proper spacing from the existing
groin at 91st Street, and the new stone groin for 60th Street
should be moved $200 feet to the south.

In addition tc the above listed recommended changes to main-
tain the 840 feet between groins to within * 80 deviation,
there are three other locations where the groin placement,
as depicted in Figure 7, may exceed the t 80-foot deviation:

® To be able to utilize the existing groin at 128th Street,
the proposed groin to be placed north of 128th Street
. 1s approximately * 1050 feet apart to provide equal dis-
tance between the new groins and the existing groin
located at 130th Street;

® The new (1979) stone groins to be located at 93rd and
98th Streets are approximately 1000 feet apart but were.
left in this projected location to fit an equal distance
between the existing groins at 91lst Street and in front
of the Sheraton Inn;

® The existing timber groins at 31st and 34th Streets are
approximately 1100 feet apart, as depicted in Figure 7.
This additional distance is not considered to be great
enough to warrant construction of an additional groin
between 31lst and 34th Streets.

It should be noted that the locations of the existing groins

as shown in Figure 7 were derived from plans received from the
Corps of Engineers and the Department of Natural Resources.
Field verification of actual locations of the groins was not
made. This drawing is for a conceptual plan only; and before
groin construction is started, a survey should be made of each
existing groin to ensure that its location is accurate as shown
on this drawing and, most important, that the groin is struc-
turally sound and can be used for the base of an extended stone
groin.

-6~



3. IMPLEMENTATION PLAN

On pages 16-18 of the "Interim Beach Maintenance at Ocean City"
Final Report, the sequence of construction and the methods of
sand fill or placement of sand between groins in the "groin
pocket" are discussed. Briefly, this section of the report
states: :

If the groin pockets are not artifically filled
with sand at the time of construction, it will
take probably seven to eight years of time to
construct all short groins. This is estimated

at the fill rate of some six groins per year.
This amount of time is needed to allow the groins
to fill with sand from the littoral drift before
additional groins are constructed.

Using this method, some erosion may take place at
the north end of each groin pocket. Additionally,
a significant amount of the littoral drift sand
presently being passed along the shorefront would
be retained in the groin pockets and would thus
be taken out of the littoral drift system that
deposits this sand in other locations along the
shorefront, including the shorefront of mile 1,
north of the North Jetty at Ocean City. '

The recommended method to prevent erosion in the
groin pockets and to not deprive the littoral
drift of significant quantities of sand is to
£fill each groin pocket artifically at the time
of construction. This method will also allow
construction to proceed as fast as a contractor
can build the required number of groins per vear.

Assuming that -ten groins can be built each year and filled at
the time of construction, the Ocean City groin system could
be completed in approximately five years.

As previously. stated, groin construction should start at the
south end of the, beach and proceed north. In the southerly
section of the beach, the first ten groins to be constructed
would be from 9th Street to 31lst Street. In this section,
ten existing timber groins are properly spaced for use to be
extended by the new stone groins.



The first year's cost would thus be for ten stone groin exten-
sions to existing timber groins. The actual length of stone
groin needed as an extension to an existing timber groin can-
not be accurately determined without a field survey and deter-~
 mination of the desired height of all groins for the Ocean .
City beach environment. However, it is estimated that the
“stone groin should be at least 129 feet long. This would tie
the stone groin into the timber groin approximately at the MHW
line of the "wide section" of the beach fillet (see Figure 1).
It might be desirable to extend the stone groin further into
the shorefront, but this would need to be determined by field
survey and final design considerations.

The important factor would be to make certain that there is a
proper "tie-in" between the wood piling section and the rock
section. One way of doing this would be to consider the tim-
ber groin as a "center board" for a portion of ‘the rock groin.
Under this concept, the rock groin would be brought shoreward
sufficiently to overlap the wood section for a distance of 15
to 20 feet. The rock section in the overlap would be retained
at the same section as would be used if no wood groin were
present. The wood section would then be along the centerline
of the overlapping rock section.

The rock section would, of course, be discontinued after the
15 or 20 feet of overlap had been obtained and the wood sec-
tion left to provide the remaining groin section to the back
of the beach.

Groin Construction Costs

Estimated cost for a stone groin of the approximate size and
cross-section dimensions recommended for the Ocean City
environment is $473.64/linear foot*.

% The $473.64/linear foot cost for stone groins is based on
an estimated cost of groins furnished by the Philadelphia
Corps of Engineers.



1st Year Cost

Groins — Extension of 129 feet of new stone groins
~ to ten existing timber groins

$473.64 x 129 feet = $61,100.00 ea.

x 10 groins o= $611,000.00
Sand Fill — 20,120 yd3® for each groin pocket
x 9 pockets of 10 groins = 181,080 yd3
"x $6.00**/yd? = $1,086,480.00
TOTAL COST 1ST YEAR...... eeses.s.91,697,480.00

2nd Year Cost

10 groins from 34th Street to north of Maryland
Route 90 location (see Figure 1). . In this section
there is one timber groin and two (1979) stone groins
that can be used for extensions. Seven new stone
groins would be needed.

3 extension groins x{$61,100.00 ea. = $ 183,300.00

7 new stone groins ($473.64 x 330 feet)

v

$156,301.00 ea. x 7 = $1,094,108.00

Total for Groin. Construction,....$1,277,408.00

Sand Fill — 20,120 yd3‘for each grbin pocket
' x 10 pockets bf 10 groins = 201,200 yd3
x $6.00/yd? | = $1,207,200.00
: N
TOTAL COST 2ND YEAR....... veee...$2,484,608.00

**%¥$6.00/yd? cost for sand is based on September 1979 estimates
received from the Baltimore Distr#¥ct Corps. of Engineers from
their latest revision of their Beach Erosion Study. The
Baltimotre office provided us a $4.00/yd3 cost based on their,
1977 data which was used in our Final Repcort for this study.
Actual costs incurred at the date the dredging is to be
accomplished may vary considerably.

-9- 7



3rd Year Cost

10 groins from north of Maryland Route 90 location to 93rd
Street. In this section, there are four existing timber
-groins and two (1979) stone groins that can be used for
extensions. Four new stone groins would be needed.

6 extension groins @ $61,100.00 ea. = $366,600.00

4 new stone groins @ $156,301.00 ea. = $625,204.00

Total for Groin Construction........$ 991,804.00

Sand Fill — 10 groin pockets = 201,200 yd?
X $6.00/yd?’ = '$1,207,200.00

TOTAL COST 3RD YEAR..... ceeenn ve....52,199,004.00

4th YearECost

10 groins from 98th Street to 128th Street. 1In this
section, there are two existing timber groins and
three (1979) stone groins that can be used for
eXtensions. Five new spone,groins will be needed.

$305,500.00

Wl

"5 extension groins g $61,100.00 ea.

5 new .stone groins @ $156,301.00 ea. $781,505.00

Total for Groin Construction...... ..$1,087,005.00

Sand Fill — 10 groin pockets = 201,200 yd3
x $6.00/yd?® . = $1,207,200.00

TOTAL COST 4th YEAR. ......... D $2,294,205.00

J

-10-



5th Year Cost

7 groins f£rom north of 130th Street to the Maryland-
Delaware line. All groins are new stone groins.

7.new stone groins @ $156,301.00 ea. =  $1,094,107.00
Sand Fill — 7 groins pockets = 140,840 yd3 .

x $6.00/yd3 = $ 845,040.00

TOTAL COST S5TH YEAR« . .veeeeeuonaanns $1,939,147.00

Total Cost

‘Total costs for 47 groins and sand fill over five-
year period.

Groin Construction........ieeeieeenn. $ 5,061,324.00

Sand Fill......cvivunnnnnnn h i e aesaa $ 5,553,120.00

GRAND TOTAL .« «n v oo ee o emeeeeennnnns $10, 614, 444.00

-11-
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